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Executive Summary
River Habitat Survey Lead Region (Environment Agency, North West Region) and the 
Centre for Ecology and Hydrology (CEH), analysed RHS and geomorphology data to 
evaluate the level o f habitat quality and the geomorphological characteristics of the River 
Eden and sub-catchments. River Habitat Survey (RHS) data and geomorphological 
assessment data was collected within the study areas by CEH and Fluvial Environmental 
Services Ltd.
The River Eden and its sub-catchments are being considered as a Special Area for 
Conservation (SAC) due to the presence o f habitat types and species, which are rare or 
threatened within Europe. The purpose o f the project is to provide an overview of the state of 
the catchment in terms of river habitats and geomorphological processes in order to aid the 
derivation of sound management for this proposed SAC.
The aim was to determine the state of the environment within the Eden and sub-catchments 
and identify the main pressures on the system in order to derive sound management options
The main finding o f the study are:
• Lowther and Belah have most valuable habitat quality within the study area.
• Scandal Beck has the lowest habitat quality.
• The Belah is the most natural o f the sub-catchments in terms o f activity, process and low 
level o f modification.
• Habitat modification is low throughout most of the study area, with the exception o f the 
mainstem Eden.
• The Eden and Eamont are most impacted by permanent modifications.
• Modification pressures within the study area are predominantly poaching and whole bank 
reinforcement.
• Poaching pressure is greatest in Scandal Beck, followed by Hilton Beck and the upper 
reaches o f the Lowther.
• Habitat quality pressures are predominantly poor bank vegetation structure and the lack of 
tree cover.
• Flow type and channel substrate diversity is high within the study area providing good 
habitat for species o f high conservation value.
• Within the confines of agricultural landuse geomorphological processes exhibit sediment 
supply, sorting and storage characteristics o f a healthy natural river system.
• Erosion and deposition features of greatest importance in the geomorphological 
development of the study area are eroding cliffs and bed scour, side bars and mid-channel 
bars.
• Poaching is the greatest cause of accelerated erosion in the study area. It occurs too 
frequently given the Eden’s context o f a river system of high environmental quality.
• There is evidence to suggest that a lack of effective fencing increases the effects of 
poaching. This lack may also contribute to the development o f slides, slumps and other 
forms o f bank mass-wasting.
•  The data collection and analysed in this study suggests that extensive fine sediment 
infiltration into the bed is not widespread, however, further detailed work should be 
undertaken at sensitive location (such as spawning sites) to confirm this.
• There are few recorded cases o f accelerated erosion other than poaching, but the high 
environmental value o f the study area means that efforts should still be made to target 
such instances.
•  Deposits o f urban debris should also be removed from the channels of the study area.
The sampling intensity of 50% coverage of RHS sites demonstrated it to be adequate for 
providing baseline information on the state of the environment within the Eden study area.
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River Eden RHS and Geomorphologv Evaluation
Introduction
1.1 River Habitat Survey Lead Region (Environment Agency, North West Region) and 
the Centre for Ecology and Hydrology (CEH), analysed RHS and geomorphology 
data to evaluate the level o f habitat quality and the geomorphological characteristics 
o f the River Eden and sub-catchments. River Habitat Survey (RHS) data and 
geomorphological assessment data was collected within the study areas by CEH and 
Fluvial Environmental Services Ltd.
1.2 The River Eden and its sub-catchments are being considered as a Special Area for 
Conservation (SAC) due to the presence of habitat types and species, which are rare 
or threatened within Europe. The purpose o f the project is to provide an overview of 
the state of the catchment in terms of river habitats and geomorphological processes 
in order to aid the derivation o f sound management for this proposed SAC.
Aim
To determine the state o f the environment within the Eden and sub-catchments and 
identify the main pressures on the system in order to derive sound management 
options
Objectives
A. To evaluate the habitat quality and geomorphological features within 5 sub-catchments 
and a section of the mainstem of the River Eden.
B. To provide baseline information on the existing habitat conditions using repeatable 
techniques o f RHS (50%) and geomorphological bolt-on (100%).
C. Identify areas o f valuable habitat quality and illustrate the reasons for the high habitat 
quality.
D. Identify areas of poor habitat quality and the causes o f the pressures impacting upon 
habitat quality.
E. An evaluation of the ‘naturalness’ of the geomorphological processes operating within the 
study area, with particular attention to sediment sources, transfer and sinks.
F. Determine the causes o f accelerated erosion and assess the environmental impact of these 
sediment sources upon habitat quality.
G. Identify areas in need o f restoration/rehabilitation
H. To provide a set of sound management options based upon the results of the analysis 
undertaken.
Methodology
2.1 The main river and all tributaries o f Hilton Beck, Scandal Beck, the Rivers Belah and 
Lowther and a 10km reach o f the River Eden (Appleby to Kirkby Stephen) were 
divided for sampling into 500m long sections by the Agency (Table 1).
Table 1: Number of RHS and inter-reach surveys conducted on rivers of the 
Eden catchment, autumn 2000
Sampling strategy and design
River RHS sites Inter-reach sites Surveyed by
Eden 20 40 CEH
Lowther 66 101 FES Ltd
Belah 62 102 FES Ltd
Scandal Beck 41 88 CEH
Hilton beck 38 68 CEH
2.2 Sites on the Eamont, which were surveyed for a different project, were included in the 
analyses.
2.3 An inter-reach survey was conducted at each of these sections (excluding the 
Eamont). This included a geomorphological survey, detailing the variety, extent and 
stability o f depositional features and sources of erosion (see Appendix 1 for the pro 
forma and survey methodology). Barriers to migratory fish, artificial features and 
floodplain land use were recorded using an adapted section o f the standard RHS form. 
Fencing/fencing condition, livestock access, grazing pressure, shading of channel and 
evidence o f pollution and siltation was also recorded.
2.4 A sample o f 227 sections (representing 57 % of the total length surveyed) was 
randomly selected by the Agency. A full RHS survey was undertaken on these 
sections. The distribution o f RHS and inter-reach sites are detailed in Figure 1.
2.5 Surveying was carried out in August and September 2000. Some inter reach surveys 
on the uppermost reaches o f the smaller streams were omitted as the channels could 
not be clearly defined.
2.6 RHS data were inputted onto the RHS MS Access database holding approximately 
14,500 sites. The geomorphology data were entered into a specially designed Access 
database by the Agency. The data input consultants, Environmental Research and 
Consultancy (ERC) derived the map data. Data were analysed by CEH and the RHS 
Lead Region using Minitab, Excel, and ArcView.
Figure 1: L ocation m aps o f  the RHS and geom orphology sites w ithin the Eden and sub-catchm ents, 
a) Location o f  RH S sites.
Hilton Beck 
Eden
Scandal Beck 
Belah
Lowther & Eamont
b) Location of geomorphology sites
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c) Location of RHS sites within the Eden mainstem.
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d) Location o f  RH S sites w ith in  H ilton Beck.
10
e) Location o f  RH S sites w ithin the Belah.
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f) Location of sites within Scandal Beck.
1?
g) Location of RHS sites within the Eamont and the Lowther.
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Data Analyses 
RHS analyses
2.7 Summary statistics were derived from the RHS data o f the Eden and sub-catchments 
sites collected for this study. Summary statistics provide a general state o f the 
environment overview o f the geographical area they represent. These summary 
statistics were examined and compared to previously derived summary statistics for 
Cumbria county, North West region and UK reference sites. These summary statistics 
are presented in Appendix 2.
2.8 Extensive land use within 50m of the banktop was allocated to land use classes 
depicting the scale o f impact the land use has upon the semi-natural environment. The 
land use types falling into each impact class are given in Table 2.
Table 2: Division of land use types into classes depicting the scale of impact on 
the semi-natural environment.
Types of land use in each class Land Use Class name
Wetland, natural open water Wetland (WL)
Broadleaf, coniferous Woodland (WD)
Moorland/heath, scrub, tall herbs, rock and scree, 
artificial open water
Semi-rural (SR)
Orchard, rough pasture, improved grassland, tilled 
land
Agriculture (AG)
Suburban/urban development Suburban/urban (SU)
2.9 A Habitat Quality Assessment score (HQA) was derived for the RHS sites by the 
Agency. The HQA scoring system is a broad measure o f the diversity and naturalness 
of the physical (habitat) structure o f a site, including both channel and river corridor 
(Raven et al, 1997). It is determined by the presence and extent o f habitat features o f 
known wildlife interest recorded during the field survey.
2.10 A Habitat Modification Score (HMS) was derived for the RHS sites by the Agency. 
This scoring system measures modification to the channel expressed as a score based 
upon the type and extent o f artificial features at an RHS site (Raven et al, 1997).
2.11 Rivers o f similar type within the UK reference network were selected according to 
geographical situation and energy (altitude, height o f source, distance o f RHS site 
from source and slope) using a procedure based on Principal Component Analysis 
(Jeffers, 1998), (Figure 2).
2.12 The HQA class of each RHS site within the study area was derived through 
comparison of the HQA score o f the site to the range o f HQA scores o f sites o f 
similar type. The HQA sub-scores were investigated to identify the causes o f poor and 
very poor habitat quality where this occurred.
14-
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Figure 2: PC A  p lot o f  reference sites and sites surveyed on the Eden catchm ent.
1 6
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2.13 The distribution o f habitat quality within the study area was plotted as a histogram 
and compared to the distribution o f habitat quality among sites within the reference 
network, sites of similar type and sites within the NW region.
2.14 The distribution of habitat modification class (HMI) within the study area was plotted 
as a histogram and compared to the distribution o f habitat modification among sites 
within the reference network, sites of similar type and sites within the NW region. 
The HMI sub-scores were investigated to identify the main pressure upon the study 
area.
2.15 Two new indices for assessing overall habitat quality, devised by the Agency for 
calibrating the HQA scores using the Benchmark sites, were calculated for the Eden 
dataset. The Benchmark Distance score (BCD) measures the statistical distance from 
the site HQA score to the HQA score o f the nearest Benchmark site. This index is 
used for semi-natural and pristine sites only (HMS 2 or less). The River Habitat 
Quality score (RHQ) combines the HQA score, HMS and the BCD (where applicable) 
scores into an overall quality assessment. Details o f the calculation of these scores are 
given in Appendix 3.
2.16 Dominant flow type and channel substrate was mapped due to their importance in 
habitat suitability for species. Where more than one variable dominate, the fastest 
flow type and the coarsest substrate were plotted.
Geomorphology analyses
2.17 Data were re-coded using the mid-point o f the values they represented and a value of 
100m2 for macro scale values in order to ease data analysis (Table 3). Average values 
were then derived for the features recorded. This method produced a quantitative 
index o f erosion and deposition features.
Table 3: Scores attributed to scales of erosion/deposition features
Category Original dimensions New dimensions
1) Micro Scale < lm 2 0.5m2
2) Small meso scale lm 2- 10m2 5.5m2
3) Large meso scale 10m2‘ 50m2 35m2
4) Macro scale >50m2 100m2
2.18 Stream order for the sites was determined according to Strahler (1952). The CEH 
Wallingford (formerly IH) flow direction grid was used. A flow accumulation grid 
was computed from the flow direction grid and then each cell o f the flow 
accumulation grid was threshold to the value o f 10. The value 10 was chosen as this 
gave the best approximation to the vector based 1:50,000 scale river network.
2.19 The extent o f erosion and deposition was summarised into 3 classes illustrated below 
(Table 4) and the distribution mapped. The extent o f erosion caused by each process, 
both natural and accelerated, were investigated within the sub-catchments and main 
stem separately and combined. Changes in the degree o f deposition with increasing 
stream order were also investigated. The extent o f depositional features was also 
investigated according to the level o f stability o f the depositional features.
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Table 4: The division of the extent of erosion and deposition quantities into 
intensity classes.
Quantity of eroded/deposited 
material (m2)
Erosion/deposition
class
0-46 Low
47-176 Medium
177-1138 High
2.20 Pressures within the sub-catchments were investigated via the types o f erosion and 
through assessing the scale o f pressures induced by land use, grazing and the level o f 
maintenance at the sites. The extent and effectiveness o f fencing on each bank was 
combined into classes showing fencing condition, as illustrated in Table 6.
Table 5: Fencing condition classes combining the extent and effectiveness of 
fencing on both banks into 5 classes. N = none, S = slight, H = heavy.
Extent of fencing on 
the banks
Fencing condition Class 
description
Fencing
condition
Class
N N None 0
N S Slight on one bank 1
N H Effective on one bank 2
S S Slight on both banks 3
S H Slight and effective on either bank 4
H H Effective on both banks 5
Results
General description of the Eden catchment
3.1 The River Eden rises on limestone fells, at an altitude o f 580m. The river flows over both 
calcareous limestone and sandstone, giving diverse ecological conditions, ranging from 
oligotrophic to mesotrophic. Figure 3 illustrates the geological characteristics o f  the 
catchment. River water quality is high throughout the Eden catchment. Due to the habitat 
types and the high diversity, the River Eden and many o f its tributaries, has been 
designated as a Site o f Special Scientific Interest (SSSI) by English Nature. The 
ecological importance o f  the Eden has also been recognised internationally and has been 
designated as a cSAC on the basis o f  the presence o f salmon and a high diversity o f both 
habitats and species o f European importance. In particular, this area provides excellent 
habitat for white-clawed crayfish (Austropotamobius pallipes), bullhead (Cottus gobio), 
sea lamprey (Petromyzon marinus), river lamprey (Lampetra fluviatilis), brook lamprey 
(Lampetra planeri) and water crowfoot (Ranunculus spp.). The river has high botanical 
diversity with 184 plant species recorded, which falls into the top 10% o f surveyed rivers 
in Britain for aquatic plant species richness. In addition, the river also provides suitable 
habitat for, and supports a healthy population of, otters.
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Figure 3: G eological m aps o f  the Eden catchm ent showing a) solid, b) drift and c) surface 
geology. W hite line indicates river lengths surveyed
a) solid
20
b) drift
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c) surface
22
3.2 Summary statistics o f the Eden study area were derived to provide a state of the 
environment assessment. These statistics were compared to summary data for Cumbria 
county, NW region and the UK reference network (Appendix 2). The occurrence of 
features within the Eden study area which are rare in Cumbria county, NW region and 
the UK were identified; the results are presented in Table 6.
Table 6: The percent occurrence of features that are rare within Cumbria county, NW 
region and the UK reference network within the Eden study area. Figures in italics do 
not represent rare features but show that these features are present at a considerably 
higher frequency within the Eden study area in contrast to the other geographical areas.
Rare Feature Eden Cumbria NW Region UK
Reference
Network
% P 
or E
%E % P
or E
%E % P
or E
%E % P
or E
%E
Wetland 31 4 17 9 1 12 2
Overhanging boughs 9 5
Exposed bankside roots 7 4 3
Fallen trees 5 0 0 1
Coarse woody debris 3 1 1 3
Exposed bedrock 8 5 4
Vegetated mid-channel bar 3 0 0
Mature Island 1 0 1
Vegetated side bar 2 1 2
Waterfalls 4 0 0 0
Cascades 6 4 5
Rapids 6 5 3
Waterfalls (>5m) 4 2 2
Leafy debris 5 1 4
Natural open water 7 1 3
Bog 23 9 7 6
Flush 9 4 5 5
Alders 10 4
3.3 The results in Table 6 reveal that:
• There is twice as much extensive wetland within the Eden study area than in the 
national context
• There is a higher occurrence of special features (waterfalls >5m, leafy debris, natural 
open water, bog and flush) within the Eden study area than in the local, regional and 
national context
• Although bogs are not a rare feature, the table shows that they are present at more 
than twice as many sites within the Eden study area than within the other 
geographical areas
23
Land use
3.4 Land use within the Eden study area is dominated by rough pasture, with a high 
proportion o f improved grassland and broadleaf woodland. Wetland is also present at a 
high percentage of sites (31%), which is considerably higher than the proportion present 
within the other geographical areas (Appendix 2 and Table 6). When comparing the 
summary statistics to Figure 4, it is evident that agricultural land use dominantes the 
landscape. Within the Lowther, wetland is the dominant land use in the upper parts of the 
catchment. Figure 4b shows that localised areas o f extensive wetland occur within 
Scandal Beck, Belah and Hilton Beck. Figure 4a and 4b show that extensive woodland is 
sparse throughout the whole study area.
Bank profiles
3.5 Natural bank profiles characterise the river banks within the study area. Vertical/undercut 
banks are present most frequently (85% of site) indicating active erosion. Steep slopes 
are also very common. Bank modification is relatively low, especially in contrast to the 
occurrence of bank modification for the other geographical areas (given in Appendix 2). 
However, poaching is clearly impacting upon the Eden catchment, where it is present at 
one third of sites. In contrast, poaching is present at one fifth o f sites within the NW 
region and the UK reference network. The impact o f poaching needs further 
investigation as one o f the pressures on the Eden study area.
Woodland statistics
3.6 Channel shading is present at approximately half of the study area. Channel shading is 
most likely to occur within the lower reaches o f the sub-catchments due to the general 
lack of tree cover within the upper reaches. The extent of tree cover within the study area 
is illustrated in Figure 5. Tree features are relatively common within the Eden study area. 
However these features are localised within the lower reaches. Appendix 2 shows that 
the mean tree coverage is ‘2’, which equates to regularly spaced/single trees.
Channel features
3.7 The Eden and sub-catchments have a high diversity o f channel features. The Eden study 
area has double the presence o f exposed bedrock and exposed boulders than the UK 
reference network. Exposed boulders are a habitat requirement for white-clawed 
crayfish. The Eden study area also exhibits active deposition in contrast to the other 
geographical areas it is being compared to. Unvegetated mid-channel bars are present or 
extensive at 44% of sites in contrast to 25%, 24% and 22% of sites within Cumbria, NW 
region and the UK reference network respectively.
Flow features
3.8 All flow features are represented within the Eden study area. Runs dominate, present at 
89% of sites. Cascades show higher presence in contrast to the other geographical areas 
given in Appendix 2. Riffles are present at 59% of sites in contrast to 24% in Cumbria. 
This emphasises the importance o f the Eden valley for salmon and trout spawning sites.
Special features
3.9 There is a relatively high percentage o f wetland features present within the Eden study 
area. These features are found within the upper reaches o f the sub-catchments. These 
special features are bog, marsh, flush and natural open water habitats.
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Figure 4: Distribution o f extensive land use within 50m of bank top at RHS sites in a) Lowther and Eamont sub-catchments and b) Hilton Beck, 
Belah, Scandal Beck and mainstem Eden, 
a)
2 5
b)
2*
Figure 5: The extent o f  tree cover w ithin a) Low ther and Eam ont sub-catchm ents and b) H ilton Beck, Belah, Scandal B eck and m ainstem  Eden, 
a)
V
b)
3.10 In summary, in comparing the Eden study area to Cumbria:
• Broadleaf woodland is less extensive
• Rough pasture is more extensive
• Tilled land and improved grassland is less extensive
• 31% wetland in comparison to 17% in Cumbria
• More vertical/undercut banks indicating higher rates o f erosion
• Generally greater flow feature diversity
• 3/4 of sites fall in HMS classes 1 and 2 in contrast to o f sites in Cumbria
• Less modification within the study area
Habitat Quality Assessment
3.11 The HQA class of each site was calculated by comparing the HQA scores to the HQA 
scores o f sites o f similar type. The results are presented in Figure 6. The results reveal a 
striking contrast in the level o f habitat quality between the Lowther and Eamont sub­
catchments and the main stem Eden, Scandal Beck, Hilton Beck and the Belah. The 
maps clearly show:
• Habitat quality is higher within the Lowther.
• HQA is predominantly classes 1 and 2 within the Lowther
• Habitat quality is predominantly fair-poor in the Eamont.
• Very poor habitat quality (HQA class 5) within the Lowther is localised within the 
upper reaches
• All sites on the Eden main stem have very poor habitat quality (HQA class 5)
• Very poor habitat quality (HQA class 5) is dominant within Scandal Beck and Hilton 
Beck
• No sites have very high or high habitat quality (HQA classes 1 and 2 respectively) 
within the Eden or Scandal Beck
• Very poor habitat quality (HQA class 5) is dominant in the Belah, but all HQA 
classes are represented within this sub-catchment
• Very poor and poor habitat quality within the Belah is concentrated within the upper 
reaches.
3.12 The causes for the very poor habitat quality were investigated by examining the 
distribution of the HQA score and the HQA sub-scores o f the Eden sites in relation to the 
sub-set o f sites o f similar type, sites within NW region and the UK reference network.
3.13 HQA scores of the datasets listed above were compared by constructing a histogram 
of the percentage of sites falling into HQA score-range classes (Figure 7). The results 
show that:
• Habitat quality within the Eden and sub-catchments compares poorly with the other 
data sets in that the distribution is skewed towards low HQA scores whereas the other 
datasets are skewed towards high HQA scores
• The UK reference network sites shows a normal distribution.
• The NW sites and sites of similar type area skewed towards the higher HQA score 
ranges
• The Eden sites have a relatively high proportion of sites falling into the low HQA 
score-range categories.
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a)
Figure 6: D istribution o f  H Q A  classes at RHS sites w ithin a) Low ther and Eam ont sub-catchm ents and b) H ilton Beck, Belah, Scandal B eck and
m ainstem  Eden.
3n

Figure 7: C om parison o f  habitat quality scores on the Eden catchm ent to a subset o f  sites o f 
sim ilar type, sites in  N W  region and U K  reference sites.
Figure 8: Com parison o f  H Q A  sub-scores on the Eden catchm ent w ith sites o f  sim ilar type, 
N W  region and U K  reference sites.
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3.14 The HQA sub-scores are the constituent parts that make up the overall HQA score. 
The results of this analysis are presented in Figure 8. To summarise, the figure shows 
that in comparison to the other datasets, the Eden catchment HQA sub-scores are:
• low for bank vegetation structure and trees
• low for flow type diversity, bank features and land use in contrast to sites of similar 
type
• the highest for the presence of point bars and channel vegetation diversity
• higher for flow type, channel substrate, channel features and special features in 
contrast to the reference and NW sites
3.15 More details of the HQA sub-scores for the sites with poorest habitat quality are given 
in Appendix 4. Although bank vegetation structure has been identified as the main cause 
for low habitat quality within the study area, these results show that the main stem Eden 
scores highly on bank vegetation structure. These sites have very poor habitat quality 
primarily due to a lack o f channel features, channel vegetation and flow diversity.
3.16 The dominant bank vegetation structure recorded at spot-checks is presented in figure 
9. Figure 9a shows that uniform bank vegetation structure is dominant in the upper 
reaches of the Lowther. This corresponds to sites with very poor habitat quality (Figure 
6a) The same pattern is present within Scandal Beck and Hilton Beck (Figure 9b and 6b). 
The upper reaches o f the Belah show a mixture of bare and uniform bank vegetation 
structure and are generally o f low habitat quality.
Habitat Modification Assessment
3.17 The HMS class was calculated for each site and the results were plotted on a map 
(Figure 10). The maps show that:
• the majority o f sites fall within HMS classes 1 and 2
• the Belah is the most unmodified o f the sub-catchments
• obviously modified and significantly modified sites are localised within Scandal 
Beck, Hilton Beck, Lowther and Eamont
• the mainstem Eden is significantly modified throughout with the exception o f being 
severely modified along one reach in the urban area
3.18 The causes for sites to be obviously modified were investigated and are summarised 
in Appendix 5. The tables show that the main modification impacts are:
Lowther
• Reinforced banks
• Embankments
• Poaching 
Eamont
• Reinforced whole banks 
Hilton Beck
• Culverts
• Reinforced whole banks
• Resectioned banks
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a)
Figure 9: D om inant bank  vegetation structure at RHS spot-checks w ithin a) Low ther and Eam ont sub-catchm ents and b) H ilton Beck, Belah,
Scandal B eck and m ainstem  Eden.
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b)
a)
F igure 10: D istribution o f  HM I classes at RHS sites w ith in  a) Low ther and Eam ont sub-catchm ents and b) H ilton Beck, Belah, Scandal B eck and
m ainstem  Eden.
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Belah
• Poaching
• Reinforced whole banks
• Resectioned banks
• Culverts
• Minor bridges 
Scandal Beck
• Poaching
• Whole bank reinforcement 
Mainstem Eden
• Reinforced banks (high score due to the number of spot-checks RI is present at)
• Presence o f major weirs
• Presence o f major bridges
3.19 Habitat Modification Scores o f sites in the Eden study area compared well with the 
subsets o f sites selected for comparison (Figure 11). Figure 11 shows that a greater 
proportion of sites within the Eden study area fall within the semi-natural and 
predominantly unmodified classes. This in part can be explained by a large proportion of 
sites falling within the headwaters o f the sub-catchments which tend to be less modified.
The Eden study area compares favourably to the sites of similar type.
Figure 11: Comparison of habitat modification scores on the Eden catchment to a subset of 
sites of similar type, sites in NW region and UK reference sites.
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Calibration of site HQA to Benchmark sites
3.20 The degree of habitat quality o f the RHS sites within the study area was compared to 
the level o f habitat quality of the nearest Benchmark sites1. The details o f the analysis 
are given in Appendix 3. The results o f the Benchmark distance scores are given in 
Figure 12. The maps reveal:
• Sites with HQA class 1 are mostly Benchmark equivalent sites
• Sites with HQA class 5 are very dissimilar to the statistically nearest Benchmark site 
with a BCD class 5.
• However, several sites with HQA class 4 and 5 have a BCD class 1 (Benchmark 
equivalent). This indicates that these sites are o f equivalent habitat quality to 
Benchmark sites of similar type.
• RHS sites within the Lowther and Eamont compare well with the Benchmark sites 
with a high proportion o f sites being Benchmark equivalents.
• RHS sites within Hilton Beck and Scandal Beck are predominantly very dissimilar to 
the statistically nearest Benchmark sites.
• The upper reaches of the Belah compare less favourably to the statistically nearest 
Benchmark site than the lower reaches.
• The mainstem Eden RHS sites are predominantly dissimilar to the statistically 
nearest Benchmark sites.
3.21 The BCD classes for the Eden sites were compared to the BCD classes o f sites of 
similar type, NW region sites and the UK reference network (Figure 13). The histogram 
shows that a lower proportion of sites within the Eden study area are of benchmark 
equivalent in contrast to the other datasets. In addition, a higher proportion o f Eden 
sites fall within BCD class 5, showing that they are very dissimilar, thus having a much 
lower HQA score.
Combined HQA and HMS to derive River Habitat Quality index (RHQ)2
3.22 The HQA scores and the HMS scores were combined into an over all assessment of 
the River Habitat Quality (RHQ) o f the RHS sites. The results are illustrated in Figure 
14. The maps reveal:
• RHQ is highest within the Lowther sub-catchment.
• RHQ is extremely poor along at all RHS sites on the mainstem Eden.
• The Belah sub-catchment is predominantly of good and excellent RHQ.
• Hilton Beck and the Eamont show varying degrees of RHQ from excellent/good to 
poor RHQ.
• Scandal Beck has predominantly moderate-poor RHQ.
River Habitat Quality Assessment
1 Benchmark sites are RHS sites which are considered to be among the best examples o f ‘natural’ rivers within 
the UK. The ‘nearest’ Benchmark sites mean ‘statistically near’ as explained in Appendix 3.
2 Please familiarise yourself with the different indices, HMI, HQA, BCD and RHQ to ensure you understand 
how they are calculated, what parameters are used to calculate the index and what they mean. Details can be 
found in the methodology, appendix and within references given.
40
a)
F igure 12: D istribution o f  BCD classes at RHS sites w ithin a) Low ther and Eam ont sub-catchm ents and b) H ilton Beck, Belah, Scandal Beck
and m ainstem  Eden.
4 1
b)
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Figure 13: C om parison o f  benchm ark distance class on the Eden catchm ent to a subset o f  
sites o f  sim ilar types, sites in N W  region and U K  reference sites.
3.23 Furtherm ore, the d istribution o f  RH Q  w ithin the Eden w as exam ined in com parison to 
sites o f  sim ilar type, sites in  N W  region and the U K  reference netw ork, the results are 
presented  in Figure 15. The distribution o f  RH Q w ithin the Eden study area shows that 
the m ajority  o f  sites are o f  m oderate quality (RHQ 3). The Eden sites show a sim ilar 
trend  to N W  region sites and the reference sites. How ever, the level o f  RHQ w ithin the 
E den is m uch low er than the level o f  river habitat quality  found am ong sites o f  sim ilar 
type. The low HQS scores w ith in  the study area are the cause for the m oderate level o f  
RHQ. The m ajority o f  the sites fall w ithin HM I classes 1 and 2 (Figure 11) thus 
enhancem ent o f  habitat quality  features (HQA ) is all that is required at the m ajority  o f  
RHS sites in order to raise the over all level o f  RH Q w ithin the study area.
4 3
a)
Figure 14: D istribution o f  RH Q classes at RHS sites w ithin a) Low ther and Eam ont sub-catchm ents and b) H ilton Beck, Belah, Scandal B eck
and m ainstem  Eden.
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Figure 15: Comparison of River Habitat quality on the Eden catchment to a subset o f sites of 
similar type, NW region and UK reference sites.
Flow type and channel substrate diversity
3.24 Flow type and channel substrate diversity are important habitat factors for the species 
of high conservation value within the Eden and sub-catchments. Figures 16 and 17 show 
the dominant flow types and channel substrate within the study area. Figure 16 reveals 
the following patterns of dominant flow type within the sub-catchments:
• Lowther: Rippled flow is dominant, with localised dominance of smooth flow, 
unbroken standing wave, chute, free fall, broken standing wave and chaotic flow.
• Eamont: Rippled flow is dominant, with localised dominance of unbroken wave and 
upwelling.
• Hilton Beck: Rippled flow and broken standing wave dominate, with localised 
dominance of chute flow and free fall within the upper reaches.
• Belah: Rippled flow is dominant, with localised dominance o f smooth flow, chute 
flow, free fall, no perceptible flow, no flow, unbroken wave and broken standing 
wave.
• Scandal Beck: Rippled flow is dominant, with localised dominance o f smooth flow 
or no perceptible flow.
• Mainstem Eden: Smooth flow is dominant, with localised dominance of rippled 
flow. Flow type diversity is considerable lower than in the sub-catchments.
46
4-7
a)
Figure 16: D om inant flow  type at RHS sites w ithin a) Low ther and Eam ont sub-catchm ents and b) H ilton Beck, Belah, Scandal B eck and
m ainstem  Eden.
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b)
Figure 17: D om inant substrate type at RHS sites w ithin a) Low ther and Eam ont sub-catchm ents and b) H ilton Beck, Belah, Scandal B eck and
m ainstem  Eden,
a)
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3.25Figure 17 reveals the following patterns o f dominant substrate within the sub­
catchments:
• Lowther: Boulders and cobbles are dominant, with localised dominance o f bedrock, 
pebble and gravel.
• Eamont: Cobbles dominant with localised dominance o f gravel and boulders.
• Hilton Beck: Boulders dominant, with localised dominance of cobbles, bedrock, 
pebbles and gravel. Silt is the dominant channel substrate at sites 22750, 22760, 
22755.
• Belah: Cobbles dominant, with localised dominance o f bedrock, boulders, peat, 
pebbles, gravel, with silt being dominant at sites 22810, 22808 and 22780.
• Scandal Beck: Cobbles dominant, with localised dominance of boulders, bedrock, 
gravel-pebble and pebbles. Silt is dominant at one site (22722)
• Mainstem Eden: Not visible is recorded most frequently due to water depth. In 
shallower water or where the riverbed was visible, cobbles, gravel and pebble are the 
dominant channel substrate.
Invasive species
3.26 Figure 18 shows the distribution o f invasive species within the study area. The map 
shows that the main pressure from invasive species is within the Eamont sub-catchment 
where there are localised cases o f Japanese knotweed. Himalayan balsam is present 
along much o f the length o f the Eamont. Giant hogweed is the main concern along this 
river where it is extensive at 2 locations (sites 22897 and 22899).
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Figure 18: D istribution o f  invasive species w ith in  the Eden study area.
J a p a n e s e  K n o tw e e d
H im a la y a n  B a lsa m
G ia n t  H o g w e ed
22900
2^2898
22899
22900 
2901
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Geomorphological Assessment 
Sediment sources and Sinks
3.27. Table 7 shows that erosion of fine substrates (clay/silt and sand) exceeded that of 
coarse substrates in all o f the sub-catchments except the Lowther and Eamont catchment 
where erosion of coarse sediment was predominant. Fine sediments accounted for nearly 
all erosion on the main river Eden. When expressed as the area o f erosion per m2, the 
Belah catchment exhibited the greatest degree o f erosion.
Table 7: Erosion statistics for Eden sub-catchments
Catchment Area of 
erosion (m2) 
per lm  length 
of river 
surveyed
Natural
(% )
Accelerated 
4.1 (%)
Fine
(% )
Coarse
(% )
Belah 0.46 91.5 8.5 63.4 36.6
Lowther & 
Eamont
0.30 88.2 11.8 48.6 51.4
Hilton Beck 0.21 87.3 12.7 76.4 23.6
Eden 0.16 82.8 17.2 97.2 2.8
Scandal Beck 0.15 87.9 12.1 74.3 25.7
All catchments 0.27 88.9 11.1 65.9 34.1
N.B. Full erosion figures are given by sub-catchment in Appendix 7.
3.28. Table 7 illustrates that ‘natural’ processes were the most significant cause o f erosion 
at all of the catchments, accounting for approximately 90% of erosion across the study 
area. Throughout the whole study area, 18.5% of sites are responsible for 50% of erosion. 
When viewed by type (see figure 19) erosion can be seen to be dominated by fluvial 
action, with ‘eroding c liff observations making up the largest single component of the 
total observed area o f erosion, with ‘toe scour’ and ‘bed scour’ also making up a 
substantial proportion of total observed erosion. Mass-wasting (sub-aerial) processes also 
appear to be well represented with wash making up slightly more than 10% of observed 
erosion area and slump, slide and creep each making up a little under 10%. O f the 
‘artificial’ processes only poaching contributes to the erosion figures to any real degree.
3.29. The vast majority o f all depositional features recorded in the study area comprise 
coarse sediments, (as shown in table 8). Fine sediment deposition may have been 
underestimated due to the method o f recording depositional features in the 
geomorphology survey where only the dominant material is recorded. Fine substrates may 
form a secondary component o f coarse substrate depositional features, especially those 
that have begun to stabilise.
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Figure 19: Erosion in Study Area by ‘Type’
Table 8: Deposition statistics for Eden sub-catchments
Catchment Area of 
deposition (m2) 
per lm  length of 
river surveyed
Unstable
(%)
Partially
stable
(%)
Stable
(%)
Fine
(%)
Course
(%)
Lowther & 
Eamont
0.24 37.4 25.3 37.3 2.6 97.4
Belah 0.16 69.9 18.5 11.6 6 94
Eden 0.16 67.7 19.3 13 12.1 87.9
Hilton Beck 0.11 47.6 21.9 30.5 8.4 91.6
Scandal Beck 0.10 80.9 6.9 12.2 3.1 96.9
All catchments 0.16 55.8 20 24.2 4.9 95.1
Detailed deposition results are given in Appendix 7
3.30. Throughout the Eden catchment as a whole, the most common depositional features 
are un-vegetated (unstable) side bars (Figure 20). The area of stable depositional features 
increased with increasing stream order (Figure 21) this might be viewed as a rough proxy 
for decreasing stream power, (with decreasing watercourse slope).
3.31. The area of greatest deposition is the Lowther & Eamont sub-catchment, this is also 
an area of high erosion (as detailed in table 7). The significance of the interplay between 
erosion and deposition in terms of sediment budget will be discussed in more detail 
below.
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Figure 20: D eposition in the Study A rea
N.B. F u ll deposition fig u res  a re  given by stream  o rder group  in appendix  7
Figure 21: Scale o f  Deposition by  Stream  O rder
5 7
Discussion
4.1 Objective A: To evaluate the habitat quality and geomorphic features within 5 sub- 
catchments and a section of the mainstem of the River Eden.
The Eden and sub-catchments host a higher proportion of features that are rare within the 
county, region and national context. In particular wetlands, notably bogs, are more frequent 
within the Eden sub-catchments. Despite the relatively high occurrence o f wetland habitats, 
the landscape as a whole is predominantly managed for agriculture, namely grazing. The high 
intensity o f grazing throughout much of the study area causes substantial accelerated erosion 
through poaching of banks. Despite accelerated erosion processes, natural geomorphic 
processes within the study area primarily cause erosion. The sub-catchments also exhibit high 
levels of deposition in contrast to the county, region and national scales.
4.2 Objective B: To provide baseline information on the existing habitat conditions 
using repeatable techniques of RHS (50%) and geomorphological bolt-on (100%).
Data has been simplified, mapped and summarised in order to demonstrate the current 
patterns of habitat quality and habitat modification within the study area. In addition erosion 
and deposition features have been summarised and mapped. These maps and summary data 
can thus be used for assessing future change within the study area.
4.3 Objective C: Identify areas of valuable habitat quality and illustrate the reasons for 
the high habitat quality.
4.31 Lowther: The Lowther has predominantly high and very high habitat quality, with the 
exception of the uppermost reaches. The high level of habitat quality in contrast to the 
other sub-catchments could be a consequence of the Lowther having predominantly 
simple and complex bank vegetation structure, which is a cause for low HQA scores at 
other sites in the study area. The Lowther also has greater extent o f tree cover in contrast 
to the other sub-catchments, which is also a reason for low HQA scores at other sites in 
the study area. Sites on the Lowther with high HQA generally have high diversity o f bank 
and channel features, channel vegetation, trees bank vegetation structure and flow types. 
Modification impact on the Lowther is very low resulting in the majority o f sites being 
semi-natural. The majority of sites on the Lowther is Benchmark equivalent and has 
excellent RHQ.
4.32 Eamont: Only 3 sites have high habitat quality on the Eamont, site 22892, 22895 and 
22898. Site 22892 and 22898 is predominantly unmodified. Site 22895 is obviously 
modified. These modifications are shown in Appendix 5. The left bank has extensive 
whole bank reinforcement and the right bank has whole bank reinforcement present and 
poaching. Effective fencing to eliminate poaching o f the bank could reduce the 
modification impact. Despite the generally low level of habitat quality along the Eamont, 
all of the sites are Benchmark equivalents. This emphasises the level o f impact typical on 
rivers o f similar type when sites which score low on HQA, such as the Eamont are 
examples o f the best remaining in the national context. The RHQ analysis shows only one 
site had excellent river habitat quality and 2 sites have good RHQ. Thus habitat quality 
improvements on the Eamont should be considered in management plans.
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4.33 Hilton Beck: Few sites have high habitat quality within Hilton Beck. Those 
sites with high habitat quality are semi-natural, thus have no modification present. In 
addition, with the exception of one site, they have continuous tree cover, which increases 
the HQA score. These sites are also Benchmark equivalents and have excellent or good 
RHQ. These sites have high habitat quality due to bank vegetation structure, trees and 
associated features and diversity o f channel substrate and flow types.
4.34 Belah: Very high habitat quality is present in the middle reaches o f the Belah. The 
presence o f complex bank vegetation structure and continuous and semi-continuous tree 
cover contributes to the high HQA scores. Habitat modification is low or absent 
throughout much o f the Belah. Sites within this sub-catchment are predominantly 
Benchmark equivalents. The combination of these scores results in the majority o f sites 
being o f good and excellent river habitat quality.
4.35 Scandal Beck: There are no sites within Scandal Beck with good habitat quality in 
terms o f the HQA score. Only 4 sites are Benchmark equivalents and only 2 sites with 
high levels o f river habitat quality. The main pressures affecting the habitat quality will 
be discussed in the next section.
4.36 Mainstem Eden: There are no sites with good habitat quality along the mainstem of 
the River Eden. This is primarily due to low HQA sub-scores for bank features, channel 
features, channel vegetation, flow type and special features. The pressures caused by 
modifications could also be impacting upon habitat quality along the river, although HQA 
and HMI are not directly related indices. In addition the HQA scores have been adversely 
affected by the recording o f ‘not visible’ for channel substrate. It is also likely that 
channel vegetation may have been underestimated also due to the poor visibility at the 
time o f survey. However the Eden is an active gravel bed river, thus the frequent re­
working o f gravel will disturb channel vegetation. This will be discussed further in the 
next section.
4.4 Objective D: Identify areas of poor habitat quality and the causes of the pressures 
impacting upon habitat quality.
4.41 Lowther: Fair to very poor habitat quality is present within the upper reaches o f  the 
Lowther. These sites compare unfavourable to the statistically nearest Benchmark site, 
and have low river habitat quality. These sites predominantly have HMI classes 1 and 2 
thus modification is not the main pressure upon the low levels o f habitat quality. Bank 
vegetation structure is predominantly uniform in the areas o f poor habitat quality and tree 
cover is either absent or isolated/scattered. The poor bank vegetation structure indicates 
grazing pressure preventing vegetation development. Poaching being one o f the sources 
o f modification supports this. Fencing can be employed to eliminate or reduce the levels 
of grazing and poaching o f the river banks, thus enabling the development o f  bank 
vegetation. Bank reinforcement is one o f the modification pressures within the Lowther. 
The location o f the bank reinforcements are given in Appendix 6. The majority o f bank 
reinforcement used in the Lowther is concrete. However, at site 22783 the whole bank is 
reinforced with builders waste. The type reinforcement could be improved by replacing 
the builders waste with rip rap bank protection using local stone. The bank vegetation 
structure could also be improved at this location by planting willows in with the rip rap. 
Due to the predominantly semi-natural status o f the catchment, the system should recover 
naturally when pressures are removed.
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4.42 Eamont: The Eamont has low levels of habitat quality, primarily due to impacts 
caused by modification. Whole bank reinforcement is the main modification pressure on 
the river. Where builders waste has been used for bank reinforcement, this could be 
replaced with rip rap using local stone planted with willows. Rip rap bank protection is 
already in place along reaches o f the Eamont (see Appendix 6 for details). Willows could 
again be planted to improve bank vegetation structure to improve the habitat quality. The 
willows will also provide bank protection once established. Habitat quality also scores 
low on channel features. Rehabilitation works on the river could incorporate improving 
channel features.
4.43 Hilton Beck: The RHS sites within Hilton Beck predominantly have very poor habitat 
quality. In the upper reaches uniform bank vegetation structure and the lack o f trees cause 
this. These sites are semi-natural thus modification pressures are not a fundamental issue 
causing the poor habitat quality. Grazing pressure may be causing the poor bank 
vegetation structure, so fencing could be constructed along the upper reaches o f the 
catchment to improve bank vegetation. Bank vegetation structure would recover naturally 
once grazing pressure is removed. The middle reaches o f Hilton Beck suffer from poor 
habitat quality due to modification pressures. Appendix 5 shows the modification 
pressures within Hilton Beck. Whole bank reinforcement and the presence o f culverts are 
the main modification pressures. Appendix 6 shows the types o f bank reinforcement 
within Hilton Beck. Where builders waste is used to protect the banks, this could be 
replaced by local stone rip rap planted with willows. Willows planting or spraying with 
seed could also be carried out where rip rap bank protection is currently in place. RHS 
sites within Hilton Beck are predominantly statistically very dissimilar to the statistically 
nearest Benchmark site, thus rehabilitation o f these sites is needed to improve the level o f 
habitat quality. River habitat quality is also moderate-poor. The pattern o f RHQ 
distribution mirrors that o f HQA. Bank vegetation structure, the lack o f bank features and 
tree cover is the main causes for low HQA scores.
4.44 Belah: Very poor habitat quality dominates the Belah despite is being the most natural 
o f the sub-catchments within the study area. Habitat quality is low in the upper reaches 
due to bare and uniform bank vegetation structure and the absence o f trees. Poaching is an 
issue within this catchment so fencing should be constructed to protect the banks from 
grazing pressure. The majority o f sites are semi-natural or predominantly unmodified, 
thus natural recovery o f bank vegetation will occur when the banks are fenced off. 
However, natural erosion is high within the upper reaches o f  the Belah, thus banks may 
be bare due to natural erosion processes. Willow planting within the upper reaches will 
also enhance the habitat quality, but caution should be taken to not stop natural erosion 
processes by planting and increasing bank stability. Modification pressures within the 
Belah result from poaching, whole bank reinforcement, resectioning, culverts and minor 
bridges. Despite the poor HQA scores, the sites are predominantly o f good and excellent 
river habitat quality. This is due to the lack o f modification throughout most o f the 
catchment. Removal o f poaching pressure and increasing bank vegetation structure and 
tree planting where natural bank erosion is not occurring will increase the level o f habitat 
quality within this sub-catchment.
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4.45 Scandal Beck: The majority o f RHS sites within Scandal Beck have very 
poor habitat quality. Habitat quality is low primarily as a result o f uniform bank 
vegetation due to grazing pressure and the lack o f tree cover. Fencing to eliminate grazing 
pressure will lead to natural regeneration o f bank vegetation structure. Appendix 5 shows 
that poaching and whole bank reinforcement is the main pressure within the Scandal 
Beck. Reinforcement is most common in the upper reaches o f the sub-catchment. Scandal 
Beck is also the only sub-catchment within the study area to have extensive whole bank 
reinforcement present on both banks. Where the reinforcement is rip rap, willow planting 
will raise the level o f habitat quality by improving bank vegetation structure and will 
offer added bank protection. The planting o f trees will also raise the level o f habitat 
quality within the Scandal Beck. The RHS sites within Scandal Beck compare poorly to 
the statistically nearest Benchmark sites and also have poor river habitat quality due to 
poor habitat quality and the levels o f modification. Poaching needs to be managed and 
enhancement works where reinforcement is present.
4.46 Mainstem Eden: Habitat quality on the Eden is very poor and the river is also 
significantly modified. The causes for poor habitat quality on the Eden are different to 
those within the sub-catchments. The RHS sites on the Eden have low HQA scores due to 
the lack o f bank features, channel features, channel vegetation, low flow diversity and 
special features. The Eden sites compare poorly to the statistically nearest Benchmark 
sites and have extremely poor river habitat quality (RHQ). The main pressures on the 
Eden are bank reinforcement, poaching, major weirs and major bridges. Poaching can be 
managed by effective fencing which will enable the recovery o f bank vegetation structure 
to raise the HQA score. However, where the floodplain is frequently inundated, then 
hawthorn hedges would provide more effective bank protection than fencing. Bank 
vegetation structure can also be improved where bank reinforcement is rip rap or gabion 
by planting or spraying with seed. Although HQA and HMI are not directly linked, 
aspects o f the indices are interrelated. N.B. Due to the lack o f river bed visibility at the 
time of survey, the actual levels o f habitat quality along the Eden may be higher. Any 
enhancement schemes for the mainstem Eden should involve site visits at low flow to 
record the features missed at the time o f survey in order to recalculate the HQA scores 
prior to devising management plans.
4.5 Objective E: An evaluation of the ‘naturalness’ of the geomorphological processes 
operating within the study area, with particular attention to sediment sources, 
transfer and sinks.
4.5.1. The implication from this pattern o f coarse/fine erosion, (predominance o f the erosion 
o f fine material across the study area with the exception o f the Lowther and Eamont sub­
catchments), is that available sediment sources in the ‘fine erosion’ areas are likely to be 
dominated by sandy soils and alluvium. Whereas sources in the ‘coarse erosion’ 
dominated reaches are likely to include boulder clay and other drift materials containing 
larger particles.
4.5.2. Erosion is part o f the natural geomorphological processes o f all river systems. In 
active systems such as the Eden such widespread erosion is a natural and important part 
o f the morphological system, feeding new sediment into the river system to recharge 
substrates and enrich the riverine ecosystem. However, the definition o f ‘natural’ erosion 
processes as recorded in this survey is something o f a slight misnomer. Truly natural rates
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o f erosion require a completely unaffected landuse to be present, which in the case of 
much o f the study area (like the majority o f the UK) would mean unmanaged wildwoods.
4.5.3. The key focus areas of erosion, as shown in figure 22 are: the upper Hilton Beck, 
throughout the Belah, the upper reaches o f Scandal Beck (including Wyegarth Gill and 
Artlegarth Beck) and the upper Lowther (including Cawdale and Heltondale Becks).
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Figure 22: Extent and distribution of erosion within the study area.

4.5.4. In terms of erosion types, the predominance o f ‘eroding c liff  observations is 
typical for a relatively flashy high-energy system such as the study area of the Eden 
in which non-cohesive fairly erodible bank material predominate. Rapid and extensive 
water level change and high stream power concentrate erosive energy, encouraging the 
development o f cliffs to full, or near full, bank height3.
4.5.5. The level o f bed scour across the study area is comparatively high, in fact the Eden 
shows the highest proportion of this form of erosion of any of the catchments surveyed to 
date using the Geomorphological Audit methods4. Observer variability may not be ruled 
out in exaggerating the importance o f this form of erosion, (bedscour is one of the hardest 
forms of erosion to quantify). However, it may also be the case that the high levels of 
occurrence relate to bedscour beneath the large number o f waterfall features observed in 
the study area, (particularly in the upper catchment), as shown in the RHS analysis of 
‘rare features’.
4.5.6. It is also not surprising that mass-wasting processes are well represented, as the high- 
energy characteristics of the Eden study area will give rise to deeply incised channels and 
steep bank / valley slopes which are conducive conditions for mass-wasting processes to 
occur. The relatively high contribution o f wash to total erosion may be a product of the 
extensive agricultural landuse observed in the study area (as discussed in the RHS 
analysis), as grazing on steep valley slopes in particular may give rise to areas o f bare, 
unstable ground inputting sediments to the channel by wash.
4.5.7. The predominance of coarse sediments in deposits across the study area is appropriate 
in the context of a high energy river system such as the Eden, regardless o f the relatively 
high inputs o f fines from erosion. Sediments entering the river system from erosion are 
sorted, coarse sediments remain in barforms and other deposits, whereas finer sediments 
are carried downstream out o f the study area.
4.5.8. The total proportion of deposition compared to erosion, as shown in table 8, suggests 
that erosion is approx. 1.7 times greater in the study area. Though this is only the coarsest 
of indications as the recording o f erosion and deposition in surface areas (m2) may mask 
3-D variations in quantity. However, the suggestion is that the study area is, as a whole, a 
net producer o f sediments in the context o f the wider Eden catchment.
4.5.9. The majority o f deposits across the study area as a whole are either unstable or 
partially stable. This is also appropriate in the context of a high-energy environment and 
also conveys a general message of health in terms of the catchment sediment processes. 
Unstable deposition features must be frequently recharged with new gravels, implying 
that sediment transfer in the Eden is functioning and that such deposition features are 
connected within the natural processes of sediment downstream through the river system.
3 By comparison in a lower-energy system one might expect to observe more toe scour comparatively for 
instance in the case o f the Glaze Geomorphological Audit, [ERC, 2001] toe scour was found to account for 
more than 30% o f recorded cases of erosion, and in the case o f the Upper Mersey Geomorphological Audit, 
[Walker, 1998], toe scour accounted for approximately 20% of observations.
4 This constitutes approx. 1250km o f watercourse total. Such survey includes comparable upland high energy 
areas such as the upper Ribble, Tywi and Camel catchments in (Northwest, Welsh and Southwest regions 
respectively).
65
4.5.10. The distribution of deposition across the catchment (as shown in figure 23) can be 
seen to occur, within the same general areas as erosion. In the case of the Hilton Beck 
deposition appears to be localised to erosion, with a fair distribution of deposition 
throughout the Beck (with the exception of the upper headwaters). Deposition in the 
Belah sub-catchment is concentrated on the Belah upstream of the Argill Beck input, 
although deposition is relatively less intensive in the headwaters. The Argill Beck, despite 
being a focus o f erosion, contains relatively few deposition features. The upper Scandal 
Beck is also an area of deposition, active areas are concentrated on the same tributaries as 
active areas of erosion (Wyegarth Gill and Artlegarth Beck). In the Lowther catchment 
deposition is distributed widely throughout the catchment (including Cawdale and 
Heltondale Becks), with the exception of the headwaters o f the upper Lowther and 
Swindale Beck.
4.5.11. The Lowther and Eamont are the sub-catchment area with the greater quantity of 
deposition (as shown in table 8). This may be a product of the presence o f Ullswater and 
Haweswater with the sub-catchments, which will serve to attenuate spate flows to a 
degree and thus moderate the high energy characteristics of these systems (thus 
encouraging more deposition). However, the Lowther and Eamont also exhibit the 
greatest proportion of coarse sediment inputs in terms of sediment supply from erosion 
(see table 7), therefore it is also logical that a greater quantity of the total eroded 
sediments will be retained in deposits (as discussed in para. 4.5.7).
4.5.12. The predominant type o f deposit in the study area is side bars. The is because much of 
the study area represented the upper reaches o f the Eden catchment where water courses 
will tend to be sinuous to a degree but often confined by valley form. In other words areas 
of broad, wide floodplain are less common, these are necessary for the development of 
mature meanders and thus a ‘point bar dominated’ deposition pattern. The low number of 
flood plain deposits across the study area supports this. Mid-channel bars are also 
prevalent as a deposition form in some places, this suggests rapid changes in stream 
power within the channel, which again is symptomatic of a healthy high energy river. 
Discrete deposits are also relatively common and these transient features are again typical 
of a high energy river system with a large mobile sediment load.
4.5.13. There are few berm deposits in the study area which might be interpreted as a positive 
sign in terms o f the ‘naturalness’ of channel form, as such features may be associated 
with modified, (resectioned / enlarged) channels. There are a number of recorded 
instances of urban debris (68 in total), although relatively small as a deposition type, is 
too large in the context of a catchment of high environmental quality such as the Eden, 
and the removal o f such features should be a management aim. Such features occur 
particularly in the Scandal Beck (34% of observations), the surveyed area of the Eden 
main river stem (24% of observations) and the Hilton Beck 22% of observations).
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Figure 23: E xtent and distribution o f  deposition w ithin the study area.
4.6 Objective F: Determine the causes of accelerated erosion and assess the 
environmental impact of these sediment sources upon habitat quality.
4.61. O f observed accelerated causes o f erosion poaching occurs within the study area to 
the greatest extent, (accounting for approx. 8.5% of all erosion). This is logical as the 
Eden is a relatively undeveloped area. However, it would not have been surprising to see 
a greater proportion o f erosion attributable to fishing posts, (only one observation was 
made), suggesting by implication that either good bank management and/or controlled 
access (in terms of total number o f fishermen accessing banks), has limited the impact on 
erosion of this activity.
4.62. In considering the issue ‘is poaching excess to the point that management should seek 
to reduce it’ it is worth while considering the role of landuse in the study area and the 
occurrence of poaching in comparison to other catchments in the North West. RHS 
analysis shows ‘land uses which are consistent with grazing’ for all major North West 
catchments, in other words the proportion of the area in which poaching might be 
observed. Such landuses are Rough pasture and Improved Grassland. Table 9 shows the 
results o f Geomorphological Audits as concerns poaching for the Eden study area, the 
Sankey, Upper Mersey (Tame Goyt and Etherow catchments) and the Ribble.
Table 9: Comparison of Occurrence of Poaching and ‘Land Uses Which Are Consistent 
With Grazing’ for Selected North West Catchments.
Catchment % of Extensive 
Rough Pasture
u -  f
% of Extensive 
Improved 
Grassland (IG)
Poaching as a 
% of total 
erosion (P)
‘Poaching
Index’
(RP + IG / P)
Eden 48 32 8.5 9.4
Ribble 7 60 17 3.9
Upper Mersey 19 44 7 9
Sankey 10 40 12 4.2
4.63. Table 9 develops a poaching index, this is an indicative measure to assess the relative 
occurrence o f poaching, that is ‘extensive observations of rough pasture plus extensive 
observations o f improved grassland’, divided by ‘% total erosion attributable to 
poaching’. This index is very coarse, but it offers a general guide that the lower the value 
given the greater potential issue poaching may be.
4.64. In the case o f the Eden study area it can be seen that poaching is not as predominant 
as in the Ribble, (a rural catchment with intensive stock management in which poaching 
was identified as a key management theme, (IFE, 1999). Nor comparatively is poaching 
in the Eden as great an issue as in the heavily modified Sankey catchment, (ERC, 2001), 
but it appears to be on a par with the observations from the Upper Mersey, (Walker, 
1998).
4.65. These inter-catchment comparisons have to be considered in context, the Eden study 
area is an area o f very environmental quality and part o f SAC, the designated species of 
which are in some cases sensitive to sediment load fluxes. This is particularly the case in 
respect o f salmon and potential increases in fine sediment load. It has been identified 
above that erosion over much of the study area provides sediment sources supplying 
predominantly fine sediments. Therefore it might be concluded that the observed level of
£9
poaching in the Eden study area, while it might not be a significant issue in the context of 
an area o f lower ecological importance, may be considered an issue in the high quality 
environment o f the Eden. However, this is a consideration o f sediment supply only, 
whether such sediments deposit out in the study area will be considered below.
4.66. There is a widespread lack of effective fencing throughout catchment (see figure 24), 
but there is an apparent association between the areas o f highest erosion, (as described in 
4.53 above), and the areas of least effective fencing. Therefore it is possible to draw the 
tentative conclusion that improved fencing in such named areas o f high erosion would be 
likely to reduce accelerated erosion and also may reduce any additional impacts of stock 
on increasing erosion from mass wasting. The areas o f highest recorded poaching are 
Scandel Beck, Hilton Beck and the Upper Lowther (including Swindale Beck), these 
areas should be targeted for fencing first.
4.67. In terms of other forms of accelerated erosion, footpaths are responsible for small 
scale occurrences o f erosion (34 observations in total), 50% o f these are in the Lowther 
sub-catchment (including Heltondale, Swindale and Haweswater Becks). Bed extraction 
observations, though only occurring at 4 locations (3 on Heltondale and 1 on Haweswater 
Beck), are of extensive scale when they are recorded. These observations may be linked 
to sediment trapping for the Haweswater aqueduct off-takes. There are also a small 
number o f recorded instances o f erosion above and below structures, these are most 
common in the Lowther catchment.
4.68. In terms of the impact o f accelerated sediment sources on habitat quality, although 
there is a large quantity of fine sediment erosion in the study area, some of which is 
accelerated, there are few recorded cases o f extensive fine sedimentation in bed substrate 
(28 in total, locations given in table 10 below). This tends to suggest that most fine 
sediments are washed downstream from the study area without infiltrating the bed 
substrate. This is good news as it suggests that accelerated erosion is having a low impact 
only upon the quality of the river bed habitat. However, extensive observations o f fine 
sediments in this case are limited only to clay and silt sediments, (the survey 
methodology means that it is not possible to distinguish sand from gravels). As finer 
sands may also impact the river bed in terms o f quality for, amongst other things, salmon 
spawning, it may be wise to investigate fine sediment infiltration in more detail at known 
spawning sites across the study area using detailed data gathering methods such as freeze- 
coring.
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a)
Figure 24: E xtent and level o f  effectiveness o f  fencing w ithin a) Low ther and Eam ont sub-catchm ents and b) H ilton Beck, Belah, Scandal B eck
and m ainstem  Eden.
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Table 10: Location of recorded locations of extensive clay and silt in substrate
Water Course Grid Reference Water Course Grid Reference
SOULBY BECK NY740105 TRIB/RH NY742213
UN- NAMED NY725194 HAW SYKE 785129
UN- NAMES NY739189 NORTH STAINMORE 731149
UN-NAMED NY742194 SOULBY BECK NY747108
UN-NAMED NY745197 POWBRAND SYKE 825145
UN-NAMED NY749197 UN-NAMED NY724034
UN-NAMED NY744192 SIKE TARN NY748032
UN-NAMED NY742189 UN-NAMED NY745024
TRIB OF HILTON BECK NY737187 WYEGARTH GILL NY711015
TRIB OF HILTON BECK NY733185 TRIB OF ARTLEGARTH NY724014
TRIB OF HILTON BECK NY730187 TRIB OF ARTLEGARTH NY717017
UN-NAMED NY727189 SMELTMILL BECK 862147
BRACKENTER BECK NY720190 TRIB OF YARD SIKE 878138
4.7 Objective G: Identify areas in need of restoration/rehabilitation.
4.71 The analysis of river habitat quality has identified the reaches most in need of 
rehabilitation. These reaches are indicated in Figure 14. The sites with poor and 
extremely poor river habitat quality are the sites in most need of rehabilitation. The 
analysis of habitat modification reveals that the study area is predominantly semi-natural, 
thus the system has the capacity to recover naturally if  the pressures affecting habitat 
quality on a reach-by-reach basis are alleviated. Figure 14 shows that with the exception 
of the Lowther and most of the Belah, all sites within the study area have environmental 
enhancement needs. The main pressure is caused by grazing resulting in poaching and 
poor bank vegetation structure. Management o f poaching will result in improved levels of 
habitat quality through natural regeneration. Whole bank reinforcement is the dominant 
modification issue. Measures can be made to undertake environmental enhancements 
where whole bank reinforcement is present, such as planting to improve bank vegetation 
structure where the bank material permits. Thus relatively cheap enhancement 
management programmes can be implemented within the study area to improve habitat 
quality through the provision o f effective fencing to control grazing pressure and its 
impact upon modification and bank vegetation and stability.
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Conclusions
• Lowther and Belah have most valuable habitat quality within the study area.
• Scandal Beck has the lowest habitat quality.
• The Belah is the most natural of the sub-catchments in terms of activity, process and low 
level of modification.
• Habitat modification is low throughout most o f the study area, with the exception of the 
mainstem Eden.
• The Eden and Eamont are most impacted by permanent modifications.
• Modification pressures within the study area are predominantly poaching and whole bank 
reinforcement.
• Poaching pressure is greatest in Scandal Beck, followed by Hilton Beck and the upper 
reaches o f the Lowther.
• Habitat quality pressures are predominantly poor bank vegetation structure and the lack of 
tree cover.
• Flow type and channel substrate diversity is high within the study area providing good 
habitat for species o f high conservation value.
• Within the confines o f agricultural landuse geomorphological processes exhibit sediment 
supply, sorting and storage characteristics of a healthy natural river system.
• Erosion and deposition features of greatest importance in the geomorphological 
development of the study area are eroding cliffs and bed scour, side bars and mid-channel 
bars.
• Poaching is the greatest cause of accelerated erosion in the study area. It occurs too 
frequently given the Eden’s context of a river system o f high environmental quality.
• There is evidence to suggest that a lack of effective fencing increases the effects of 
poaching. This lack may also contribute to the development o f slides, slumps and other 
forms of bank mass-wasting.
• The data collection and analysed in this study suggests that extensive fine sediment 
infiltration into the bed is not widespread, however, further detailed work should be 
undertaken at sensitive location (such as spawning sites) to confirm this.
• There are few recorded cases o f accelerated erosion other than poaching, but the high 
environmental value o f the study area means that efforts should still be made to target 
such instances.
• Deposits of urban debris should also be removed from the channels o f the study area.
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Summary of Management Options: Objective H(page 1 of 3)
Management Option ‘Current Risks’ ‘Benefits of Option’ Target Areas Comments
• Maintenance o f 
existing habitat and 
geomorphological 
quality
• Current high quality 
may degrade without 
appropriate monitoring 
and management
• Protection of high 
quality environment
• Safeguarding existing 
habitats for SAC 
species
• Across study area •
• Stock-proof fencing of 
river banks
• Poor bank vegetation 
structure
• Accelerated erosion 
from poaching
• Reduced River Habitat 
Quality
• Improved bank 
vegetation structure
• Reduction of 
accelerated erosion
• Improvements to River 
Habitat Quality
• Scandal Beck
• Hilton Beck
• Upper Lowther
• Areas o f Belah
• Eden Main River
• Hedges or other ‘live 
barriers’ might be 
useful durable 
alternatives where 
floodplain frequently 
inundated
• Enhancement o f 
artificial bank 
materials, (e.g. 
planting / seeding 
reinforced banks, 
replacement of 
‘builders waste’ with 
local stone rip-rap)
• Adverse habitat and 
landscape impacts
• Bank protection not 
optimised
• Improved habitat and 
landscape value
• Potential to increase 
resilience of some 
forms of bank 
protection
• Lowther
• Hilton Beck
• Scandal Beck
• Eden Main River
• Use soft engineering 
methods in 
combination with 
existing or replacement 
hard engineering may 
make bank protection 
more resilient
• Detailed assessment of 
fine sediment 
infiltration into gravels
• Gravel bed habitat may 
be sub-optimum for 
salmonids
• Inform as to whether 
there is a need to 
improve gravels for 
salmonids
• Target to known 
spawning areas 
(information from 
local fisheries 
interests)
• Freeze-core analysis 
may be used
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Summary of Management Options (page 2 of 3)
Management Option ‘Current Risks’ ‘Benefits of Option’ Target Areas Comments
• Detailed
Geomorphological 
investigation o f named 
areas with extensive 
fine sediment content 
in substrate
• Bed may be cloaked 
locally
•  Reduced habitat 
quality
• Improve ecological 
value o f habitats 
locally
• Target named sites 
(see table 10)
• Site specific methods 
to increase / 
concentrate energy 
locally may be 
required to clear fine 
sediments
• Remove urban debris 
from river channels
• Adverse habitat and 
landscape impacts
• Improved habitat and 
landscape
•  Scandal Beck
• Eden Main River
• Hilton Beck
•
• Investigate the 
potential negative 
impacts o f accelerated 
erosion associated with 
footpaths and 
upstream/downstream 
o f structures
• May be locally 
accelerating erosion 
processes artificially
• Assess the need for 
works to reduce 
accelerated erosion
• Lowther catchment 
(including Heltondale, 
Swindale and 
Haweswater Becks)
• Undertake local 
detailed
geomorphological
investigations
• Investigate the 
potential negative 
impacts from bed 
extraction
• Local damage to bed 
habitat may be 
resulting
•  Natural downstream 
transfer o f sediments 
may be affected
• Determine whether 
negative impacts to 
bed or wider river 
habitat are occurring
• Heltondale and 
Haweswater Becks
• Undertake local 
detailed
geomorphological
investigation
• Remove invasive 
species, (Japanese 
Knotweed, Himalayan 
Balsam & Giant 
Hogweed)
• Reduced 
environmental value
• Potential to spread 
rapidly
• Enhance bankside 
habitat
• Prevent ‘out- 
competition’ o f native 
species
• River Eamont 
(Ullswater -  Penrith)
• Prioritise Giant 
Hogweed first as this 
represents a risk to 
human health
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Summary of Management Options (page 3 of 3)
Management Option ‘Current Risks’ ‘Benefits of Option’ Target Areas Comments
• Target sites o f lowest 
River Habitat Quality 
for priority 
improvement
• Localised low quality 
sites reduce overall 
habitat quality of wider 
study area
• Targeting lowest 
quality areas for 
improvements first will 
give rapid habitat 
quality gain
• Across study area (as 
shown in figure 14)
• This dataset o f lowest 
RHQ sites should be 
used as a ‘filter’ to 
prioritise
improvements which 
are widely distributed 
across the study area 
such as fencing, 
enhancing artificial 
banks, removing urban 
debris
7?
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Appendix 1: RHS and Geomorphology pro forma

1 9 9 7  RIVER HA BITAT SURVEY Page 1 o f 4
v, - ---v~ ---ww ;**vj -__
A  BACKGROUND M AP-BA SED INFO RM ATIO N
Altitude (m)
Solid geology code 
Distance from source (km) 
Height of source (m)
Slope (m/km)
Drift geology code 
Significant tributary ? 
Water Quality Class
Flow category (1 -10) 
Planform category 
Navigation ?
p ®  wmgm -v/
_ - ... : -B FIELD SURVEY DETAILS
Site Number: Mid-site Grid Reference : River:
Date ....../ ...... /  Time ................................ Surveyor n am e  
Accredited Surveyor ? No □  Yes □  If yes, state code 
Adverse conditions affecting survey ? No □  Yes □  If yes, state  
Bed of river visible ? No □  partially □  entirely □  (tick one box)
Duplicate photographs : general character ? No □  Yes □  (tick one box)
Site surveyed from : left bank □  right bank □  channel □  (tick as appropriate)
PRED O M IN A N T VALLEY FO RM  (tick one box on
□
□
□
shallow vee
deep vee
□  concave/bowl
(If U-shaped glacial valley ■ 
add nU")
□  symmetrical floodplain
gorge □ asymmetrical floodplain
Terraced valley floor ? No D  Yes □
U S E
NUM BER OF RIFF LES, PO O LS AND P O IN T  BARS (indicate to ta l num ber) x
Riffles Unvegetated point bars
Pools Vegetated point bars
g4 76
8 3
1 9 9 7  R IV E R  H A B IT A T  SU RV EY  : T E N  S P O T -C H E C K S  P a g e  2 o f  4
Spot-check 1 is a t : upstream end E3 downstream end of site (tick one box)
E PHYSICAL ATTRIBUTES (to be assessed across channel within 1m wide transect)
1 = one entry only 1 2 4 L l .
6 L l . L i _
9 1 10 I
.........................■ r  r  t  n  Akii/LEFT BANK Ring EC or SC if composed of sandy substraUi:rv K'V.V
■
J i f f
Material 1 nv, be, bo, co, cs, ea, pe, cl, cc, sp, wp, ga, br, rr, bw
Bank modification(s) nk, no, rs, ri, pc(B), bm, em _ __  .
Bank feature(s) nv, no, ec, sc, pb, vp, sb, vs ■
CHANNEL
" ;.
CP- ring eith
SPliWS-
er C oi■ P if pi edomirlant i - s i i
Channel substrate 1 nv, be, bo, co, cp, sa, si, cl, pe, ar
Flow type 1 ff, ch, bw, uw, cf, rp, up, sm, np, no
Channel modification(s) nk, no, cv, rs, ri, da, fo
Channel feature(s) nv, no, ro, mb, vb, mi, tr
- - '  - - - . ; \ -. - • - 
R IG H T BANK
.
Ring EC or s a f e ompos ed of sandy sljbstrat ' " * £ie
Material 1 nv, be, bo, co, cs, ea, pe, cl, cc, sp, wp, ca. br, rr, bw
Bank modification(s) nk, no, rs, ri, pc(B), bm, em
Bank feature(s) nv, no, ec, sc, pb, vp, sb, vs ■ I  | m
F BANKTOP LAND USE AND VEGETATION STRUCTURE (to be assessed over a 10m wide transect)
Land use: choose one from BL, CP, OR, MH, SC, TH, RP, 1C, TL, WL, OW, SU
LAND USE WITHIN 5m OF LEFT BANKTOP
LEFT BANKTOP (structure within 1 m) B/U/S/C
LEFT BANK FACE (structure) B/U/S/C
RIGHT BANK FACE (structure) B/U/S/C
RIGHT BANKTOP (structure within 1 m) B/U/S/C
LAND USE WITHIN 5m OF RIGHT BANKTOP
CHANNEL v e g e t a t i o n  t y p e s (to be assessed over a 10m wide transect: use E ( > 33% area) o r :^  (present)
NONE
Liverworts/mosses/lichens
Emergent broad-leaved herbs
Emergent reeds/sedges/rushes
Floating-leaved (rooted)
Free-floating
Amphibious
Submerged broad-leaved
Submerged iinear-leaved
Submerged fine-leaved
Filamentous algae
Use end "catch-all" column for types not occurring in spot checks as well as overall assessment over 500m (use £ or )
----------------------------------------------------------------------------- 8 4 -------------------------------------------------------------
SITE NO. 1997 R IVER H ABITAT SURVEY : 500m  SW EEP-UP **a9 e  ^ o f  4
H LAND USE W ITHIN  50m  OF BAN KTO P Use
"TCV-. - ' 
: (> 33% banklengLh) or V(present) |  :
L R L R
Broadleaf/mixed woodland (BL) Rough pasture (RP)
Coniferous plantation (CP) Improved/semi-improved grass (1C)
Orchard (OR) Tilled land (TL)
Moorland/heath (MH) Wetland (eg bog, marsh, fen) (WL)
Scrub (SC) Open water (OW)
Tall herbs /rank vegetation (TH) Suburban/urban development (SU)
Rock and scree (RS)
BANK PROFILES Use £ (V 33% banklenglh) or^(present)
Natural/unmodified L R Artificial/modified L R
Vertical/undercut Resectioned ^ v Jw v w
Vertical + toe "K.VWV Reinforced - whole bank
Steep (>45*) \ w w v Reinforced - top only
Gentle *— vaw Reinforced - toe only ^ w w v
Composite Artificial tw n-^taqp  \  '
Poached V -
Embanked -----
Set-back embankments ~
EXTENT OF TREES AND ASSOCIATED FEATURES
TREES (tick one box per bank) ASSOCIATED FEATURES (tick one box per feature)
Left Right None Present E (>33%)
None □ □ Shading of channel □ □ □
Isolated/scattered □ □ Overhanging boughs □ □ □
Regularly spaced, single □ □ Exposed bankside roots □ □ □
Occasional clumps □ □ Underwater tree roots □ □ □
Semi-continuous □ □ Fallen trees □ □ □
Continuous □ □ Coarse woody debris □ □ □
K EXTENT OF CHANNEL FEATURES (tick one I t  I T : . I T - - '  -
None Present E(>33%) None Present Efe33%)
Waterfall(s) □ □ □ Marginal deadwater □ □ □
Cascade(s) □ □ □ Exposed bedrock □ □ □
Rapid(s) □ □ □ Exposed boulders □ □ □
Riffle(s) □ □ □ Unvegetated mid-channel bar(s) □ □ □
Run(s) □ □ □ Vegetated mid-channel bar(s) □ □ □
Boil(s) □ □ □ Mature island(s) □ □ □
Glide(s) □ □ □ Unvegetated side bar(s) □ □ □
Pool(s) □ □ □ Vegetated side bar(s) □ □ □
Ponded Reach(es) □ □ □ Discrete silt deposit(s) □ □ □
Discrete sand deposit(s) □ □ □
8 5
1997 RIVER HABITAT SURVEY: DIMENSIONS AND INFLUENCES Page 4 of 4
L CHANNEL DIMENS 10 MS (to be measured a t one site on a  straight uniform, sec ion, preferably aero is a ifffe )
LEFT BANK
• r *
CHANNEL I J S i S I i RIGHT BANK
"■■■ ,L'
Banktop height (m) Bankfull width (m ) Banktop height (m)
Is banktop height also bankfull 
height? (Y or N)
Water width (m ) Is banktop height also bankfull 
height? (Y or N)
Embanked height (m) Water depth (m ) Embanked height (m)
If trashline is lower than banktop break in slope, indicate: height above water (m ) =
Bed material at site is: consolidated (compact) □  unconsolidated (loose) □  unknown □
Location of measurement is: riffle □  run or glide □  other □
M  ARTIFICIAL FEATURES (indicate to ta l num ber o r tick appropriate box) 1§ |  f t f l f l  %
None w m m m Major Intermediate Minor l l l l l i i i l Major Intermediate Minor
□ Weirs Revetments
Sluices Outfalls
Culverts Fords
Bridges Deflectors IS
Other (state)
Is water impounded by weir/dam? No □  Yes, <33% of site □  >33% of site □
N EVIDENCE OF RECENT MANAGEMENT (tick appropoiate box(es))
None □ Dredging □ Mowing □  Weed-cutting □
Enhancement □ Other (state)............................................................................
O FEATURES OF SPECIAL INTEREST (use / or E O  33% length)
None □
Waterfalls > 5m  high □ Artificial open water □ Bog □ Fringing reed-bank □
Braided/side channels □ Natural open water □ Carr □ Floating mat □
Debris dams □ Water meadow □ Marsh □ Other (state)...............
Leafy debris □ Fen □ Flush □
P CHOKED CHANNEL (tick one box)
rrvi* ■
Is 33%  or more of the channel choked with vegetation? No □ Yes □
Q NOTABLE NUISANCE PLANT SPECIES (U seS o r E h  3 3 % length)
: :V;, r ^
None □  Giant Hogweed □  Himalayan Balsam CH Japanese Knotweed □ Other (state)..........................
R OVERALL CHARACTERISTICS (Circle appropriateyvords, add others as r ecessary)
M a jo r  im pacts : landfill - tipping - litter - sewage - pollution - drought - abstraction - mill - dam - road - rail - industry
- housing - mining - quarrying - overdeepening - afforestation - fisheries management - silting
Land
M a n a g e m e n t: set-aside - buffer strip - headland - abandoned land - parkland - M oD
A nim als : otter - mink - water vole - kingfisher - dipper - grey wagtail - sand martin - heron - dragonflies/damselflies
O th e r  s ig n ific a n t observations:
S ALDERS (tick appropriate box(es))
Alders? None □  Present □  Extensive □  Diseased Alders? None □  Present □  Extensive □
1997 RIVER HABITAT SURVEY: SPOT-CHECK KEY Pai «  l of 2
|| Predominant bank 
m ateria l
j|
NV = not visible
BE =  bedrock- 
11 BO = boulder 
CO =  cobble 
(| GS =  gravel/sand 
EA =  earth (crumbly)
|| CL = sticky day
|| CC = concrete 
SP =  sheet piling 
|| WP = wood piling 
GA -  gabion 
H BR =  brick/laid stone 
RR =  rip-rap 
II BW =  builders' waste
Bank modifications
NK = not known 
NO = none
RS = resectioned 
Rl -  reinforced 
PC = poached 
PC(B) = poached (bare) 
BM = berm 
EM = embanked
Bank features
NV = not visible, (eg far 
bank)
NO = none
EC = eroding earth cliff (ring 
if sandy substrate)
SC = stable earth cliff (ring 
if sandy substrate)
PB = unvegetated point bar 
VP = vegetated point bar
SB = unvegetated side bar 
VS = vegetated side bar
Predominant substrate
NV = not visible
- BE = bedrock 
BO = boulder 
CO = cobble
GP = gravel/pebble (ring 
G or P if predominant)
SA = sand 
SI = sift/mud 
CL = clay 
PE = peat 
AR = artificial
Predominant flow  
(see below)
FF = freefall 
CH = chute ... 1 
BW = broken standing 
waves (white-water)
UW = unbroken standing 
wave
CF = chaotic flow
RP = rippled
OP = upwelling
SM = smooth
NP = no perceptible flow
NO = No flow (dry)
Channel modifications
NK = not known 
NO = none
CV = culverted 
RS = resectioned 
Rl = reinforced 
DA = dam /weir 
FO = ford (m an-m ade)
Channel features
NV = not visible 
NO = none
RO = exposed 
bedrock/boulders 
MB = unvegetated m id  
channel bar 
VB = vegetated m id -  
channel bar 
Ml = mature island 
TR = urban debris (trash)
FLOW  TYPES
FF: Free fall 
CH: Chute
BW: Broken standing waves 
UW: Unbroken standing waves 
CF: Chaotic flow 
RP: Rippled
UP: Upwelling 
SM: Smooth
NP: No perceptible flow 
NO: No flow
ASSOCIATED CHANNEL FEATURES
clearly separates from back-wall of vertical feature -  associated with waterfalls, 
low curving fall in contact with substrate.
white-water tumbling wave must be present -  associated with rapids.
upstream facing wavelets which are not broken -  associated with riffles
a mixture of 3 or more 'rough' flow types on no organised pattern.
no waves, but general flow direction is downstream with disturbed rippled surface -  
associated with runs..........
heaving water as upwellings break the surface -  associated with boils.
preceptible downstream movement is smooth (no eddies) -  
associated with glides.
no net downstream flow ~ associated with pools, ponded reaches and marginal deadw a te r 
dry.
-  Coarse sand 
Scale . - . Wy,./ Gravel
Pebble Cobble (to size of A4 page)
1 9 9 7  R I V E R  H A B I T A T  S U R V E Y :  S P O T - C H E C K  K E Y  P a g e  2  o f  2
1 A N D  U S E  W IT H IN  S m  O F  B A N SC TO P (S E C T IO N  F)
BL = B ro a d 1 eaf/mixed Woo d 1 a n d SC = Scrub TL = Tilled land
CP = Coniferous/plantation TH = Tail herbs WL = W etland
OR = Orchard RP = Rough pasture OW = Open w ater
MH = M oorland/heath IG = Improved grass SU = S uburb an /u rb an
RS = Rock & scree
:F?a 
f:X: ANKTOP AND BANKFACE VEGETATION STRUCTURE T© b e  a sse sse d  w ith in  a  1 0 m  w id e  t r a n s e c t  (SECTION i
bare IB- bare earth/rock etc. vegetation types
y predominantly one type (no scrub or trees]
5-. two or three vegetation types
four or more types
b ryophy tes
short h e rb s /  
creep ing  grasses
tall h e rb s / 
grasses
sc rub /b ram bles
etc.
saplings a n d  
trees
C h a n n e l d im e n s io n s  g u id a n c e  (S e c tio n  L)
•  Select location on uniform section.
•  If riffle is present, m easure;there.
if not, m easure at straightest and shallowest point.
•  Banktop = first major break in slope above which 
cultivation or developm ent is possible.
•  Bankfull = point where river first spills onto flood plain.
Banktop
height
Bankfull
height
Banktop height 
(= bankfull height)
Water depth
WORKING ALONE: CHECKLIST
•  PREPARATION
•  IMPLEMENT REPORTING-IN PROCEDURE
•  WEAR PROTECTIVE CLOTHING
ri/r\T DIICLJ
•  NEVER ENTER CONFINED SPACES
•  OBSERVE HYGIENE RULES 
■ WATCH FOR CHANGING CONDITIONS
WEIL'S DISEASE . w  .....................
INSTRUCTION TO CARD HOLDERS
1. As infection may enter through breaks in the skin ensure th a t any cut, scratch or abrasion is thoroughly c leansed  
and  covered with a waterproof plaster;
2. Avoid rubbing your eyes, nose and m outh during work.
3. Clean protective clothing; footw ear and equipm ent etc., after use.
5. Report all accidents and/or injuries however slight.
6. Keep your card with you at'all times.
= —,i
E nvironm ent 
AGHNCTt "
E M E R G E N C Y  H O T L I N E  0 8 0 0  8 0  7 0  6 0
24 hour free emergency telephone line for reporting all environmental incidents relating to air, land and w ater.
Geomorphological Audit and Inter-reach form
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G. FLOODPLAIN LANDUSE
Landuse BW CP OR MH sc TH RP IG* IG** TL WL OW SU RS QM AC
Effect on 
sediment 
budget
NB record all uses within 5m of banktop and/or any further uses from the channel that contribute to the sediment budget; (tick) present; (E) extensive > 33% of reach; circle if stock-proofed.
1. OVERALL IMPRESSION ................................
Tributaries! | Outfalls ■ Provide an assessment of your overall impression of the 500m reach, where:0 1 2 3 4 0 absent
1 local
2 abundant
macro macro Sediment source
meso
micro
meso
micro
v-A>r? Sediment sink
Sediment transfer 3 extensive
Fords «■> X'U
NB Scale of features: macro >10m; meso = 1m - 10m; 
micro <1 m. Circle features with significant sediment input. | .|r/; ' V - : y " .
It: Barriers to Migration
K. Animal Observations fe s K - •• ■
Animal Sighting Spraint Tracks Other Animal Observations
None Major Intef mediate Minor Major Intermediate Minor
□ Wars Revetments
Sluices Outfalls
Culverts Fords
Bridges Deflectors
Othec {state)
Is water impounded bywair/dam? No □  Yes, <33% of site □  >119&ofsite □
M. Pollution Info.
Evidence of;
Sheep Dip
Slurry
Silage
Other
(State)
N. Evidence of Siltation.
Absent/ Present/ Exteisive,
S o
GEOMORPHOLOGICAL SURVEY KEY NOTES
A Site Information
Catchment M ajor sub catchment
Water course Named river stream or brook (see maps)
Date Day o f survey
Surveyor Surveyor name
Photo number Minimum o f one photo per reach
Grid reference OS grid reference
Adverse conditions Factors preventing or influencing survey
Map location recorded N ot used
Site surveyed from Either bank or channel
Additional notes Any other notes o f importance
B/C Erosion Features and Processes
B1 Natural Processes
B l.l  Subaerial processes
a. Slump -  Unvegetated or partially vegetated slump, blocks o f  bank material m ay be present.
b. Slide — Sediment input from adjacent valley slopes (deep-seated failure).
c. Creep - Sediment input from adjacent valley slopes (surface failure, e.g. soil creep).
d. Wash - Sediment input from adjacent valley slopes or floodplain from wash o f fine sediments off 
unvegetated / unconsolidated ground, or silts o ff tarmac etc.
e. Freeze-thaw -  Sediment input from cracking and faulting caused by freeze-thaw processes.
B1.2 Fluvial action
a. Eroding c l i f f -  Active erosion from river action extending to more than 50% o f bank height.
b. Toe scour - Active erosion from river action extending to less than 50% o f bank height.
c. Bed scour -  Active natural downcutting o f river, e.g. below waterfall, boulder cluster or step (N.B. scour 
below weirs and other artificial structures should be recorded as an accelerated process (indirect alteration 
sect. 2.2).
B1.3 Biological processes
a. Tree fall -  Extent and particle size o f material disturbed by tree that is available as a sediment source from 
the fall o f bank top /  bankside trees.
b. Burrowing - Extent and particle size o f  material that is available as a sediment source from bioturbation.
C l Accelerated Processes
C l . l  Direct alteration
a. Bank extraction — A rea o f  bank left unvegetated and unstable as a result o f  the formal or informal removal 
o f bank material, (includes recent regrading / resectioning).
b. Bed extraction - Area o f  bed left unstable as a result o f  the formal or informal removal o f  bank material, 
(including ‘gravel m ining’).
c. Poaching -  Damage to banks and river margins due to stock, (e.g. de-vegetation, trampling and de- 
stabilisation).
d. Footpaths -  Damage to banks /  river margins from footpaths, cycleways etc. (may be right-of-way or 
desire-lines). N.B. presence o f footpath etc. should also be recorded under human access below.
e. Urban activities -  Debris on banks that may be entrained (with potential to supply sediment), from fly- 
tipping, builders waste, garden waste etc.
f. Fishing posts -  Erosion from formal (e.g. official club beat) or informal fishing position.
g. Other -  Another other sources o f accelerated erosion (state type).
C1.2 Indirect Alteration
a. Below structure -  effects o f  erosion immediately downstream o f structure (e.g. bridge, weir, ford).
b. Above structure -  effects o f  erosion immediately upstream o f structure (e.g. bridge, weir, ford).
c. Deflectors -  erosion caused by introduction o f  deflectors, groynes or any other in-channel habitat protection 
or enhancement measures.
D Substrate Condition
Ticked if  present, E f  extensive (>33% o f the reach)
Substrate material All taken from RHS spot check key
Clay/Silt
Sand/Gravel
Cobble/Boulder
Bedrock
NV Not visible
Consolidated W eed or algae covered, loose and unstable
Unconsolidated Unvegetated, clean, loose and unstable
E. Engineering
Length o f channel subjected to engineering recorded (Left bank / Right bank) 
Engineering structures
Resectioned Length of channel
Culverted 0 none
Embanked 1 l-85m
Two-stage 2 85-166m
Bermed 3 166-333m
Straightened 4 333-500m
Reinforced (1) Whole Bank 
Reinforced (2) Reinforced Toe 
Reinforced (3) Reinforced Top
F. Deposition Features
Point bar, side bar, mid-channel bar and discrete deposits -  definition as per RHS manual.
Berm deposits - deposits at bank toe forming an extensive ‘sh e lf  or ‘foreshore’ environment. Typical o f multi­
stage channels or over-wide engineered watercourses where low-flow channel width has recovered.
Flood Plain Deposits -  Out o f  bank deposits, may be fine particle size (e.g. sandy patches) up to boulder fields 
in upland environments.
Urban D ebris -  Sediment accumulation due to fly-tipping, builders waste, garden waste etc.
Stability -T o  be judged as the predominate character o f  the whole feature:
Stable = > 50% vegetated, partially stable = < 50% but >10%  vegetation, unstable = m inimum vegetation 
(<10%) and obvious sediment exchange (e.g. loose material).
Scale of Features
For any feature use the long box to tally occurrences while walking the site, then put a single tick in one o f  the 
‘total boxes’ (1-4) representing [1] micro scale (<1 m 2), [2] small-meso-scale (1 - 10 m 2), [3] large-meso-scale 
(1 0 -5 0  m2), or [4] macro scale (>50 m2).
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E.g.
l . l .a Clay/Silt 4 3 2 1
Slump 5 + 2 + 3 + 7.5 y
G. Floodplain and Adjacent Land Use
All land uses within 5m o f bank top, or further i f  they influence directly in the delivery o f sediment to the 
channel, are recorded. Ticked if  present, E i f  extensive (>33% o f the reach).
Landuse
Broadleaf/mixed woodland (BW)
Coniferous plantation (CP)
Orchard (OR)
Moor/Heath (MH)
Scrub (SC)
Tall herbs (TH)
Rough pasture (RP)
Road, track, footpath (AC)
Particle Size
Definitions o f  clay, silt, sand, gravel, pebble, cobble and boulder as per RHS manual. N.B. Earth is not 
recorded, class as size fraction which is predom inant in material e.g. clay, silt or sand.
H. Other Features
Other features that are acting as sources o f  sediment are recorded 
Features
Tributaries Tributary channels delivering an active sediment load to the main channel 
Outfalls Outfalls delivering an active sediment load to the main channel
Fords Vehicular or animal river crossings delivering sediment to the channel
I. Overall Impression
Subjective overall impression o f the 500m reach in terms o f its function as a sediment source, sink or transfer 
system.
Function
Absent (0) No evidence
Local (1) Occasional or localised (<33% o f reach)
Abundant (2) Common (33% to 66% o f the reach)
Extensive (3) Frequent (>66%  o f the reach)
J. Fencing -  Human Access -  Grazing 
Record separately for right and left banks.
Fencing condition -  None = none present, semi-effective = present but not stock-proof, effective = present and 
stock-proof.
Human Access -  Good = footpath road or other access runs up to or adjacent to bank top for some or all of 
site, Intermediate = footpath road or other access runs within sight o f watercourse for some or all o f site, Poor = 
no access or ‘sight-line’.
Im proved grassland* (no stock use, amenity grassland) (IG*) 
Im proved grassland** (stock use)(IG**)
Tilled land (TL)
W etland (WL)
Suburban/urban (SU)
Rock and Scree (RS)
Quarrying/mining (QM)
Grazing Pressure -  None = land adjacent to watercourse shows no signs o f  being used for grazing at any time 
o f  year, Slight = evidence o f  low stocking rates (i.e. stock is or has been present but sward is long, no patches o f 
bare earth etc), Heavy = evidence o f high stocking rates (i.e. stock is or has been present but sward is short, 
patches o f  bare earth present etc.).
For Further details on above Key Notes contact Jim Walker, River Habitat Survey Lead Region, Environment 
Agency NW. Region, Warrington. (01925) 653999 (extn. 2774).
J W - 02.08.1999
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Appendix 2: RHS Summary Statistics
95

N o r th  W e s t  R e g io n  
L E A P /C a tc h m e n t :
N u m b er o f s i t e s  227
Land Use %P or E % E
Broadleaf Woodland 42% 16%
Coniferous Plantation 6% 1%
Orchard: 0% 0%
Moorland Heath 11% 7%
Scrub: 14% 0%
Tall Herbs: 12% 0%
Rough Pasture 67% 48%
Improved Grassland 45% 32%
Tilled: 3% 0%
Wetland: 31% 4%
Open Water 3% 0%
Urban/Suburban 27% 8%
Bank Profiles %P or E % E
Vertical/Undercut 85% 43%
Vertical/Toe 32% 3%
Steep (>45*) 71% 27%
Gentle: 31% 3%
Composite: 30% 6%
Resectioned 4% 0%
Reinforced whole bank 35% 2%
Reinforced top 3% 0%
Reinforced toe 8% 0%
Artificial two stage 0% 0%
Poached: 33% 4%
Embanked: 3% 0%
Set-back embankments 2% 1%
Invasive Species %P or E % E
Giant Hogweed: 4% 1%
Himalayan Balasm: 4% 1%
Japanese Knotweed: 1% 0%
ED EN  & E ST U A R Y
Woodland Statistics %P or E % E
Shading of channel 53% 15%
Overhanging Boughs 42% 9%
Exposed bankside roots 39% 7%
Underwater tree roots 26% 1%
Fallen trees 28% 5%
Coarse woody debris 27% 3%
Channel Features %P or E% E
Exposed Bedrock: 48% 8%
Exposed Boulders: 74% 21%
Unvegetated mid channel bar 44% 0%
Vegetated mid channel bar 29% 3%
Mature Island 11% 1%
Unvegetated side bar 72% 10%
Vegetated side bar 22% 2%
Flow Features %P or E % E
Waterfalls: 22% 4%
Cascades: 46% 6%
Rapids: . 40% 6%
Riffles: 59% 4%
Runs: 89% 35%
Boils: 38% 1%
Glides: 76% 14%
Pools: 32% 1%
Marginal Deadwater: 26% 1%
Spot Check Information
% Occurrence
Eroding Cliff: 57%
Stable Cliff: 16%
Channel Features Mean Recent Management %P or E % E
Number of riffles: 2.5 Dredging: 3% 0%
Number of pools: 0.7 Mowing: 4% 0%
Number of unvegetated point bars: 1.2 Weed cutting: 3% 0%
Number of vegetated point bars: 0.2 Enhancement: 0% 0%
Tree Coverage Mean Special Features %P or E % E
Left Trees: 2 Waterfalls (>5m): 4% 0%
Right Trees: 2 Braided channels: 4% 0%
Channel Dimensions Mean Debris dams: 15% 0%
Left banktop height: 1.96 Leafy debris: 5% 0%
Right banktop height: 2.08 Artificial open water: 1% 0%
Bankfull width: 9.18 Natural open water: 7% 0%
Water meadow: 0% 0%Water depth: 0.24
Water width: 5.87 Fen: 0% 0%
Bog: 23% 0%
Mapdata Mean Carr: 0% 0%
Altitude: 277 Marsh: 7% 0%
Slope: 39.30 Flush: 9% 0%
HMI: 8 Alders %P or E % E
HQA: 39 Alders: 44% 10%
Diseased alders: 0% 0%
HMS class □ 4 ■ 5
13% 0%
31
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County: CUMBRIA COUNTY 
N u m b er o f s i t e s  200
Land Use %P or E %E
Broadleaf Woodland 47% 22%
Coniferous Plantation 11% 7%
Orchard: 1% 0%
Moorland Heath 11% 7%
Scrub: 28% 4%
Tall Herbs: 12% 4%
Rough Pasture 34% 22%
Improved Grassland 76% 67%
Tilled: 6% 3%
Wetland: 17% 6%
Open Water 1% 1%
Urban/Suburban 25% 11%
Bank Profiles %P or E % E
Vertical/Undercut 77% 31%
Vertical/Toe 34% 8%
Steep (>45*) 78% 45%
Gentle: 47% 12%
Composite: 20% 6%
Resectioned 20% 13%
Reinforced whole bank 48% 12%
Reinforced top 4% 1%
Reinforced toe . 19% 4%
Artificial two stage 0% 0%
Poached: 33% 4%
Embanked: 4% 2%
Set-back embankments 3% 1%
Invasive Species %P or E % E
Giant Hogweed: 1% 0%
Himalayan Balasm: 4% 0%
Japanese Knotweed: 4% 0%
Woodland Statistics %P or E LU
Shading of channel 68% 25%
Overhanging Boughs 52% 5%
Exposed bankside roots 42% 4%
Underwater tree roots 33% 0%
Fallen trees 28% 0%
Coarse woody debris 40% 1%
Channel Features %P or E LU£
Exposed Bedrock: 41% 6%
Exposed Boulders: 69% 16%
Unvegetated mid channel bar 25% 1%
Vegetated mid channel bar 27% 0%
Mature Island 17% 1%
Unvegetated side bar 65% 9%
Vegetated side bar 27% 0%
Flow Features %P or E % E
Waterfalls 10% 0%
Cascades 28% 6%
Rapids: 41% 9%
Riffles: 24% 11%
Run: 54% 28%
Boils: 11% 0%
Glides: 41% 16%
Pools: 10% 1%
Marginal Deadwater 59% 2%
Spot Check Information
%Occurrence
Eroding Cliff: 51%
Stable Cliff: 58%
Channel Features Mean Recent Management %P or E LU
Number of riffles: 5.6 Dredging: 3% 0%
Number of pools: 3.6 Mowing: 1% 0%
Number of unvegetated point bars: 1.0 Weed cutting: 0% 0%
Number of vegetated point bars: 0.3 Enhancement: 0% 0%
Tree Coverage Mean Special Features %P or E LU
Left Trees: 2 Waterfalls (>5m): 3% 0%
Right Trees: 3 Braided channels: 7% 0%
Channel Dimensions Mean Debris dams: 6% 0%
Left banktop height: 1.57 Leafy debris: 1% 0%
Right banktop height: 1.48 Artificial open water: 3% 0%
Bankfull width: 10.16 Natural open water: 1% 0%
Water depth: 0.22 Water meadow: 0% 0%
Water width: 7.25 Fen: 0% 0%
- Bog: 9% 0%
Mapdata Mean Carr: 1% 0%
Altitude: 145 Marsh: 8% 0%
Slope: 18.45 Flush: 4% 0%
HMI: 9 Alders %P or E LU
HQA: 39
Alders: 16% 4%
Diseased alders: 1% 0%
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S u m m a r y  S ta t i s t i c s  -  N o r th  W e s t  R e g io n  
L and  Use
Bank Profiles
W oodland S tatistics
%E % P o rE
Broadleaf/mixed woodland (BL) 18% 40%
Coniferous Plantation (CP) 2% 4%
Orchard(OR) 0% 1%
Moorland/heath (MH) 5% 6%
Scrub (SC) 4% 20%
Tall herbs/rank vegetation (TH) 8% 34%
Rough Pasture (RP) 18% 31%
Improved/semi-improved grass (IG) 51% 62%
Tilled land (TL) 6% 8%
Wetland (WL) 1% 9%
Open water (OW) 0% 3%
Suburban/urban development(SU) 14% 26%
%E % P o rE
C hannel Features
Vertical/undercut 21% 58%
Vertical +  toe 4% 22%
Steep (>45*) 39% 67%
Gentle 7% 31%
Composite 3% 14%
Resectioned 17% 24%
Reinforced - w hole bank 12% 33%
Reinforced - top only 0% 14%
Reinforced - toe only 5% 17%
Artificial two-stage 1% 1%
Poached 2% 18%
Embanked 3% 4%
Set-back embankments 3% 4%
%E %P or E
Exposed bedrock 5% 30%
Exposed boulders 11% 51%
Unvegetated mid-channel bar(s 0% 24%
Vegetated mid-channel bar(s) 0% 23%
Mature islands 0% 13%
Unvegetated side bar(s) 6% 55%
Vegetated side bar(s) 1% 32%
R iver flow types
Nuisance Species
%E %P or E
Waterfalls 0% 9%
Cascades 4% 30%
Rapids 5% 31%
Riffles 26% 73%
Runs 32% 78%
Boils 0% 20%
Glides 40% 75%
Pools 3% 29%
Marginal Deadwater 1% 50%
%E %P or &
Giant Hogweed 1% 4%
Himalayan Balsam 2% 22%
Japanese Knotweed 1% 12%
|N um ber o f Sites 430]
Features Mean
Number o f  Riffles 4.50
Number of Pools 2.64
Number of Unvegetated Point Bars 0.83
Number o f Vegetated Point Bars 0.46
Evidence o f R ecent M anagem ent % E %  P or E
Dredging 0% 4%
Mowing 0% 7%
W eed Cutting 0% 1%
Enhancement 0% 1%
Features % Occurrence Special F ea tu re % E %  P or E
Unvegetated Point Bars 34% Waterfalls 0% 2%
Vegetated Point Bars 17% Braided Channels 0% 7%
Trees
Debris Dams 0% 10%
Median Leafy debris 0% 4%
Left Bank 3.00 Artificial Open W ater 0% 6%
Right Bank 3.00 Natural Open W ater 0% 1%
Channel Dimensions
W ater Meadow 0% 0%
Mean Fen 0% 0%
Left Banktop Height 1.69 Bog 0% 7%
Right Banktop Height 1.67 Can- 0% 1%
Bankfull Width 10.27 Marsh 0% 9%
Water Depth 0.26 Flush 0% 5%
Water Width 7.33
Alders % E % P or E
Artificial Features %  Occurrence Alders 13% 47%
Culvert 10% Diseased Alders 0% 1%
Weirs 14%
All Bridges 43% M apdata Mean
Outfalls 21% Altitude 104.60
Fords 7% Slope 11.81
Footbridges 24% HMI 13.83
Roadbridges 21% HQA 39.24
%E %P or E
Shading o f  channel 28% 71%
Overhanging boughs 7% 53%
Exposed bankside roots 3% 42%
Underwater tree roots 1% 33%
Fallen trees 0% 30%
Coarse woody debris 1% 43%
lo l
1 0 2
S u m m a r y  S ta t i s t i c s  -  U n i te d  K in g d o m  (A 
L an d  Use
%E %P o rE
Broadleaf/mixed woodland (BL) 19% 38%
Coniferous Plantation (CP) 3% 6%
Orchard(OR) 0% 1%
Moorland/heath (MH) 5% 7%
Scrub (SC) 6% 27%
Tall herbs/rank vegetation (TH) 7% 32%
Rough Pasture (RP) 16% 30%
Improved/semi-improved grass (I 43% 53%
Tilled land (TL) 18% 22%
W etland (WL) 2% 12%
Open water (OW) 1% 4%
Suburban/urban d e v e lo p m e n ta l/ 10% 25%
B ank Profiles
%E %P or E
Vertical/undercut 31% 59%
Vertical +  toe 3% 20%
Steep (>45*) 40% 67%
Gentle 9% 38%
Composite 3% 13%
Resectioned 23% 31%
Reinforced - w hole bank 6% 32%
Reinforced - top only 0% 13%
Reinforced - toe only 2% 11%
Artificial two-stage 1% 2%
Poached 2% 20%
Embanked 4% 7%
Set-back embankments 4% 4%
W oodland S tatistics
% E %P or E
Shading o f  channel 35% 78%
Overhanging boughs 14% 62%
Exposed bankside roots 6% 49%
Underwater tree roots 5% 43%
Fallen trees 1% 37%
Coarse woody debris 3% 51%
Reference Sites)
Channel F eatures
_  ___________  %E %P or E
Exposed bedrock 4% 24%
Exposed boulders 10% 38%
Unvegetated mid-channel bar( 0% 22%
Vegetated mid-channel bar(s) 0% 17%
Mature islands 1% 11%
Unvegetated side bar(s) 6% 50%
Vegetated side bar(s) 2% 32%
R iver flow types
%E % P o rE
Waterfalls 0% 8%
Cascades 5% 29%
Rapids 3% 19%
Riffles 22% 68%
Runs 29% 73%
Boils 1% 19%
Glides 47% 81%
Pools 8% 45%
Marginal Deadwater 9% 71%
Nuisance Species
%E %P or E
Giant Hogweed 0% 4%
Himalayan Balsam 1% 13%
Japanese Knotweed 1% 8%
|Number of Sites
Features Mean
Number o f  Riffles 5.42
Number o f  Pools 2.45
Number of Unvegetated Point Ba 0.74
Number o f  Vegetated Point Bars 0.30
Features % Occurrence
Unvegetated Point Bars 27%
Vegetated Point Bars 15%
Trees Median
Left Bank 3.00
Right Bank 3.00
Channel Dimensions Mean
Left Banktop Height 1.46
Right Banktop Height 1.48
Bankfull Width 10.77
Water Depth 0.35
Water Width 7.89
A rtificial Features % Occurrence
Culvert 9%
Weirs 14%
All Bridges 36%
Outfalls 19%
Fords 5%
Footbridges 24%
Roadbridges 22%
Evidence o f Recent M anagem ent % E %  P or E
Dredging 0% 3%
Mowing 0% 5%
W eed Cutting 0% 1%
Enhancement 0% 3%
Special F ea tu re % E % P or E
Waterfalls 0% 2%
Braided Channels 0% 6%
Debris Dams 0% 16%
Leafy debris 0% 9%
Artificial Open W ater 0% 7%
Natural Open W ater 0% 3%
Water Meadow 0% 1%
Fen 0% „ 1%
Bog 0% 6%
Carr 0% 3%
Marsh 0% 8%
Flush 0% 5%
Alders % E % P or E
Alders 12% 46%
Diseased Alders 0% 2%
M apdata Mean
Altitude 87.27
Slope 10.25
HMI 12.23
HQA 40.71
/ C 3
1 0 4
At present there are 2 scores for assessing river habitat quality:
♦ Habitat Modification Score (HMS)
♦ Habitat Quality Assessment score (HQA).
Issues: there are no methodologies for calibrating the HQA scores using the Benchmark sites
or for assessing overall quality.
Wav forward:
2 new indices:
♦ The Benchmark Distance score (BCD) that measures the distance from the site HQA 
score to the HQA score of the nearest Benchmark site. This index is used for semi­
natural and pristine sites only (HMS < 2).
♦ The River Habitat Quality score (RHQ) that combines all 3 scores into an overall quality 
assessment.
Benchmark Distance categories:
♦ Add benchmark sites to the query used to determine HQA category with the context 
analysis module on the RHS database.
♦ Using the context analysis module, select all Benchmark sites falling within the distance 
used for the determination of the HQA category.
♦ Select the Benchmark site with the highest HQA.
♦ Calculate the difference between the site HQA and the Benchmark site HQA
♦ Define BCD categories using the following table:
Appendix 3: River Habitat Quality Assessment
HQAsite-
HQABenchmark BCD categories
< 5 1
(Benchmark equivalent)
6 to 10 2
(Similar)
11 to 15 3(Fairly dissimilar)
16 to 20 4
(Dissimilar)
20 and more 5(Very dissimilar)
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River Habitat Quality categories:
♦ Using the following table determine the relevant RHQ category.
♦ For modified RHS sites, only HMS and HQA are used to define RHQ categories.
♦ For semi-natural sites, ONLY the Benchmark Distance category is used to determine 
RHQ, so that sites falling into the lower percentiles o f the HQA distribution but close to 
benchmark quality can be attributed a score that truly reflects their quality. For example, 
a semi-natural site falling within the bottom 20% of reference sites o f similar types with a 
BCD o f 1 would be upgraded to a class I RHQ.
♦ It may not always be possible to find close Benchmark sites for all sites. In this case, 
only HMS and HQA are used to determine the RHQ categories.
♦ Outstanding sites will automatically fall within RHQ1.
♦ Sites with rare features or rare combinations of features will at least fall within RHQ 2.
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Habitat Quality Assessment Score Categories
Top 20% Bottom
40%
Bottom
20%
Semi-natural 
(HMS 0-2)
Predominantly 
unmodified 
(HMS 3-8)
Obviously 
modified 
(HMS 9-20)
Significantly 
modified 
(HMS 21-44)
Severely 
modified 
(HMS 45+)
RHQ score description and management prioritisation:
River Habitat Quality 
Categories
Description Management
I Excellent Protect
II Good Maintain and Improve
III Moderate Enhance
IV Poor Rehabilitate
V Extremely Poor Restore
10T
Top
40% 40%-60%

A p p en d ix  4: H Q A  S ub-scores

HQA sub-scores for sites with low habitat quality within the sub-catchments o f the Eden study area. Figures in bold indicate low HQA 
sub-score.
a) Lowther
Site River Grid
Reference
HMI
Class
HQA
score
HQA
adjusted
HQA
bank
features
HQA bank 
vegetation 
structure
HQA
channel
features
HQA
channel
substrate
HQA
channel
vege­
tation
HQA
flow
type
94
HQA
land
use
HQA
point
bars
HQA
special
features
95-97
HQA
trees
22811 MOSEDALE BECK NY500096 1 41 34 7 0 4 5 3 10 4 1 5 0
22812 MOSEDALE BECK NY505098 1 40 33 8 0 3 6 3 8 4 1 5 0
22813 MOSEDALE BECK NY509111 1 44 34 3 8 3 5 2 8 2 0 5 3
22814 MOSEDALE BECK NY507102 1 37 28 9 0 3 3 4 4 4 1 5 0
22828 LOWTHER NY5I5195 1 33 30 4 6 2 5 8 4 0 0 0 1
22829 LOWTHER NY560129 2 28 20 2 0 5 3 3 4 1 0 5 2
22831 THORNSLIP GILL NY553136 2 48 40 8 10 1 5 10 4 2 0 5 0
22832 MOSEDALE BECK NY507117 1 44 37 0 12 3 7 2 8 2 0 5 3
22833 MOSEDALE BECK NY507124 2 27 27 5 0 3 3 6 6 0 0 0 4
22834 THORNSLIP GILL NY539129 1 33 27 0 4 3 6 4 7 0 0 5 3
22835 PEATHILL GILL NY540124 1 31 25 6 0 3 6 3 7 0 0 5 0
22836 THORNSLIP GILL NY543128 I 35 26 9 0 3 5 4 5 0 0 5 0
22837 THORNSLIP GILL NY548128 2 33 26 4 0 4 6 5 6 0 0 5 1
22838 THORNSLIP GILL NY551132 1 33 25 9 0 3 3 6 4 0 0 5 0
22850 LOWTHER NY553143 2 28 28 2 0 7 6 4 7 1 0 0 1
22821 LOWTHER NY536290 3 45 36 1 12 0 3 7 5 2 0 5 6
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b) Eamont
Site River Grid
Reference
HMI
Class
HQA
score
HQA
adjusted
HQA
bank
features
HQA bank 
vegetation 
structure
HQA
channel
features
HQA
channel
substrate
HQA
channel
vege­
tation
HQA
flow
type
94
HQA
land
use
HQA
point
bars
HQA
special
features
95-97
HQA
trees
22896 EAMONT NY531294 3 38 37 2 8 2 5 8 7 0 0 0 5
22897 EAMONT NY487273 3 43 36 1 12 0 3 4 5 1 0 5 10
22900 EAMONT NY472249 3 39 38 0 12 0 4 3 7 2 0 0 10
22901 EAMONT NY470245 3 41 41 2 12 2 5 5 4 2 0 0 9
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Site
22740
22743
22746
22747
22748
22749
22750
22751
22752
22753
22755
22756
22757
22758
22761
22762
22763
22765
22766
22767
22769
22770
22771
22772
22773
22774
c) H ilton Beck
River Grid
Reference
HMI
Class
HQA
score
HQA
adjusted
HQA
bank
features
HQA
bank
vege­
tation
structure
HQA
channel
features
HQA
channel
substrate
HQA
channel
vege­
tation
HQA
flow
type
94
HQA
land
use
HQA
point
bars
HQA
special
features
95-97
HQA
trees
HILTON BECK NY727205
HILTON BECK NY705183
HILTON BECK NY707200
HILTON BECK NY755216
HILTON BECK NY760223
HILTON BECK NY764232
HILTON BECK NY765235
TRIB OF HILTON BECK NY766234
TRIB OF HILTON BECK NY765227
TRIB OF HILTON BECK NY725195
TRIB OF HILTON BECK NY730187
TRIB OF HILTON BECK NY727189
TRIB OF HILTON BECK NY720189
TRIB OF HILTON BECK NY716190
TRIB OF HILTON BECK NY738207
TRIB OF HILTON BECK NY744204
SWINDALE BECK NY760207
HILTON BECK NY745210
TRIB OF HILTON BECK NY746208
HILTON BECK NY741211
SWINDALE BECK NY764206
UN-NAMED NY769211
SISSGILL NY773213
SISS GILL NY776215
CHRISTY BANK SIKE NY773205
CHRISTY BANK SIKE NY777206
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d) Belah
Site River Grid
Reference
HMI
Class
HQA
score
HQA
adjusted
HQA
bank
features
HQA bank 
vegetation 
structure
HQA
channel
features
HQA
channel
substrate
HQA
channel
vege­
tation
HQA
flow
type
94
HQA
land
use
HQA
point
bars
HQA
special
features
95-97
HQA
trees
22780 ROOKBY BECK NY798109 3 29 30 0 12 0 4 8 6 0 0 0 0
22782 HILTON GILL N Y 811093 1 37 31 4 0 4 6 4 7 4 0 5 2
22794 ARGILL BECK NY840137 1 70 62 7 12 5 6 2 9 4 0 5 17
22797 BLACKHAUSE SYKE NY871129 2 27 21 4 0 5 4 1 5 2 0 5 0
22807 POWBRAND SYKE NY815137 1 43 35 6 10 1 3 2 4 1 0 5 8
22808 POWBRAND SYKE NY825145 1 38 31 2 8 2 6 4 6 0 0 5 3
22810 NORTH STAINMORE NY831149 4 24 17 2 0 0 5 7 3 0 0 5 0
22818 YARD SYKE NY871138 1 31 23 4 0 4 6 1 7 1 0 5 0
22839 SMELTMILL BECK NY856149 1 38 30 6 0 4 7 4 5 4 0 5 0
22840 SMELTMILL BECK NY862147 1 39 32 8 0 2 6 5 5 6 0 5 0
22841 SLAPSTONE SYKE NY865140 3 29 23 6 0 1 3 3 8 2 0 5 0
22842 YARD SYKE NY880144 1 32 25 7 0 2 4 5 5 2 0 5 0
22843 UNNAMED NY878138 1 29 22 3 0 0 5 5 6 2 0 5 1
22847 LITTLE STOWGILL NY836074 1 47 44 10 0 5 8 4 10 6 1 0 0
22848 LITTLE STOWGILL NY840077 1 25 20 6 0 1 1 4 0 8 0 5 0
22855 ROUGHTON GILL NY850075 1 19 18 5 0 2 1 4 0 6 0 0 0
22856 LITTLE STOWGILL NY845094 1 36 34 11 0 4 5 2 10 0 1 0 1
22858 HOG SIKE NY839091 2 35 33 9 0 3 3 6 9 2 1 0 0
22859 GREAT STOWGILL NY841087 1 34 31 7 0 4 8 3 9 0 0 0 0
22885 POTTER SIKE NY870080 1 22 19 2 0 2 3 6 4 2 0 0 0
22886 LADY SIKE NY867083 1 30 28 5 0 2 6 6 7 2 0 0 0
22887 WOODY GILL NY861085 1 29 28 6 0 4 4 2 10 2 0 0 0
22889 MIDDLEGILL SIKE NY857083 1 31 23 2 0 2 5 5 7 2 0 5 0
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Site
22697
22700
22701
22702
22703
22704
22705
22706
22707
22708
22709
22710
22711
22712
22713
22714
22715
22716
22717
22721
22722
22723
22724
22725
22726
22728
22729
e) Scandal Beck
River Grid
Reference
HMI
Class
HQA
score
HQA
adjusted
HQA
bank
features
HQA
bank
vege­
tation
structure
HQA
channel
features
HQA
channel
substrate
HQA
channel
vege­
tation
HQA
flow
type
94
HQA
land
use
HQA
point
bars
SOULBY BECK NY747108
ARTLEGARTH BECK NY725020
TRIB OF ARTLEGARTH BECK NY717025
UN-NAMED NY727010
UN-NAMED NY731013
UN-NAMED NY734016
UN-NAMED NY736016
UN-NAMED NY737025
UN-NAMED NY736028
UN-NAMED NY732030
UN-NAMED NY724034
WYEGARTH GILL NY713018
WYEGARTH GILL NY714027
WYEGARTH GILL NY716033
ARTLEGARTH BECK NY721036
TRIB OF SCANDAL BECK NY717037
TRIB OF ARTLEGARTH BECK NY722030
TRIB OF ARTLEGARTH BECK NY719021
TRIB OF SCANDAL BECK NY724045
SCANDAL BECK NY721059
TRIB OF SCANDAL BECK NY714063
SCANDAL BECK NY720033
SCANDAL BECK NY719050
SCANDAL BECK NY739092
SCANDAL BECK NY744098
SCANDAL BECK NY756111
SCANDAL BECK NY764113 1
125
Site River Grid
Reference
HMI
Class
HQA
score
HQA
adjusted
HQA
bank
features
HQA
bank
vege­
tation
structure
HQA
channel
features
HQA
channel
substrate
HQA
channel
vege­
tation
HQA
flow
type
94
HQA
land
use
HQA
point
bars
HQA
special
features
95-97
HQA
trees
22730 SCANDAL BECK NY744021 2 35 34 7 3 5 6 4 3 0 0 0 6
22731 TRIB OF SCANDAL BECK NY745024 1 18 18 0 3 1 5 2 3 4 0 0 0
22732 TARN SIKE NY744028 2 24 22 0 0 1 6 6 6 3 0 0 0
22733 SCANDAL BECK NY738029 2 32 29 2 5 2 6 2 4 0 0 0 8
22734 SCANDAL BECK NY732036 2 29 27 3 4 3 6 2 4 0 0 0 5
22736 SCANDAL BECK NY747018 2 34 33 2 5 5 7 2 5 2 1 0 4
22737 SCANDAL BECK NY753013 1 29 27 5 0 4 6 2 6 3 1 0 0
22738 SCANDAL BECK NY755005 2 30 27 5 0 3 7 3 7 1 1 0 0
22739 HASHY GILL NY752009 1 33 25 4 0 3 6 5 5 1 1 5 0
(Scandal Beck continued)
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Site
22678
22679
22680
22681
22682
22683
22684
22685
22686
22687
22688
22689
22690
22691
22692
22693
22694
22695
f) M ainstem  Eden
River Grid
Reference
HMI
Class
HQA
score
HQA
adjusted
HQA
bank
features
HQA
bank
vege­
tation
structure
HQA
channel
features
HQA
channel
substrate
HQA
channel
vege­
tation
HQA 
flow 
type 94
HQA
land
use
HQA
point
bars
HQA
special
features
95-97
HQA
trees
EDEN NY772128
EDEN NY771132
EDEN NY766132
EDEN NY759135
EDEN NY755137
EDEN NY747145
EDEN NY744148
EDEN NY727158
EDEN NY717165
EDEN NY714168
EDEN NY687198
EDEN NY713178
EDEN NY700177
EDEN NY695177
EDEN NY687187
EDEN NY685203
EDEN NY677208
EDEN NY675214
1 1 7

A ppend ix  5: H M S  Sub-sco res

Habitat modification sub-scores for sites that are obviously-severely modified. EM = embankment; CV = culvert; PC = poaching; Rl = 
reinforcement; RS = resectioning, (L) = left bank; (R ) -  right bank, P = present, E = extensive.
a) Lowther
Site Grid
Reference
HMI
Class
Artificial
two-stage
(L)
Embank-ed
(L)
EM
(R)
Mow­
ing
No CV No
intermedi
ate
Bridges
PC
(L)
PC
(R)
RI-
Whole
bank(L)
RI-
Whole
bank(R)
Rl
Toe
only
(L)
RI-Top
Only
(L)
RS
(L)
RS
(R)
Set Back 
EM (L)
Set Back 
EM (R)
22776 NY519176 4 P 0 0 0 1 0 0 0 0 0 P P p E E
22777 NY522171 3 0 P p 0 0 0 0 P P 0 0 0 0 0 0
22865 NY522136 3 0 0 0 0 1 p p P P 0 0 0 0 0 0
22869 NY525176 3 0 0 0 P 0 0 0 0 0 p 0 0 0 0 E
22874 N Y 516204 3 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
22902 NY483197 3 0 0 0 0 0 0 0 P P 0 0 0 0 0 0
b) Eamont
Site Grid
Reference
HMI
Class
EM
(L)
Mow­
ing
No
Deflec­
tors
No
inter­
mediate
Bridges
No
Major
Bridges
No
Major
Weirs
PC
(L)
PC
(R)
RJ-
Whole
bank(L)
RI-
Whole
bank(R)
Rl Toe 
only (L)
RI-Toe
Only
(R)
RS (L) RS (R) Set Back 
EM (L)
Weed
Cutting
22821 NY536290 3 0 0 0 0 2 0 0 0 P P 0 0 0 0 0 P
22894 N Y 511286 3 0 P 1 1 0 0 0 0 P P 0 0 P P 0 0
22895 NY523287 3 0 0 0 1 0 0 0 p E P 0 0 0 0 0 0
22896 NY531294 3 p 0 0 0 0 0 0 0 P 0 P p 0 0 P 0
22897 NY487273 3 0 0 0 0 0 0 0 0 P P 0 0 0 0 0 0
22900 NY472249 3 0 0 0 0 0 1 P 0 P P 0 0 0 0 0 0
22901 NY470245 3 0 0 0 0 1 0 P 0 P P 0 0 0 0 0 0
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c) Hilton Beck
Site Grid
Reference
HMI
Class
No
CV
No
inter­
mediate
Bridges
No
Major
Bridges
No
Minor
Bridges
No
Minor
Weirs
PC
(L)
PC
(R)
RI-
Whole
bank(L)
RI-
Whole
bank(R)
R IToe
only
(L)
RI-Toe
Only
(R)
RS (L) RS
(R)
22696 NY731207 4 2 0 0 0 0 0 P P 0 0 0 0
22744 NY710198 4 1 0 1 0 0 P p P P P p P P
22753 NY725195 4 0 0 2 0 0 0 P P 0 0 P 0
22754 NY733185 3 2 0 0 0 0 p 0 P P 0 0 P 0
22757 NY720189 3 1 0 0 0 1 0 0 0 0 0 0 0 0
22759 NY739189 3 5 0 0 0 0 0 0 0 0 0 0 0 0
22760 NY742194 3 1 0 0 0 0 p p 0 0 0 0 0 0
22766 NY746208 3 1 0 0 0 0 0 0 P P 0 0 0 0
d) Belah
Site Grid
Reference
HMI
Class
No
CV
No
Minor
Bridges
PC (L) PC
(R)
Rl-
Whole
bank(L)
RI-
Whole
bank(R)
RS (L) RS (R) Weed
Cutting
22780 NY798109 3 1 0 0 0 0 0 0 P
22810 NY831149 4 1 1 E P P P P P 0
22841 NY865140 3 1 0 0 0 0 0 0 0 0
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e) Scandal Beck
Site Grid
Reference
HMI
Class
EM
(L)
No.
CV
No
inter­
mediate
Bridges
No
Inter­
mediate
weirs
No
Minor
Bridges
PC (L) PC (R) RI-
Whole
bank(L)
Rl-
Whole
bank(R)
RI-Top
Only
(R)
RS (L) RS (R)
22697 NY747108 4 0 1 3 0 0 P P P P 0 0 0
22700 NY725020 4 0 0 0 0 P P P P 0 0 0
22701 N Y 717025 4 0 1 1 0 0 0 0 P P 0 0 0
22704 NY734016 3 E 1 0 0 P 0 P P 0 0 0
22706 NY737025 3 P 3 1 0 0 0 0 0 0 0 0
22707 NY736028 3 P 2 0 0 E E 0 P P 0 0
22715 NY722030 3 0 1 0 0 0 P P P P 0 0 0
22717 NY724045 3 0 1 0 0 1 0 P P P 0 p P
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f) Mainstem Eden
Site Grid
Reference
HMI
Class
No
Deflectors
No
Inter­
mediate
weirs
No
Major
Bridges
No
Major
Weirs
PC
(L)
PC
(R)
RI-
Whole
bank(L)
RI-
Whole
bank(R)
RI Toe 
only
(L)
RI-Toe
Only
(R)
RI-Top
Only
(L)
RI-
Top
Only
(R)
22678 NY772128 4 2 0 0 0 0 0 0 0 E p 0 0
22679 NY771132 4 0 0 0 0 0 0 0 0 0 0 0 0
22680 NY766132 4 0 0 1 1 0 0 P P 0 0 0 0
22681 NY759135 4 0 0 0 0 0 p P 0 0 0 0 0
22682 NY755137 4 0 0 0 0 p 0 0 0 0 0 0 0
22683 NY747145 4 0 0 0 0 0 0 0 0 0 0 0 0
22684 NY744148 4 0 0 1 0 p 0 0 0 0 0 0 0
22685 NY727158 4 0 0 1 0 0 p 0 0 P 0 0 0
22686 NY717165 4 0 0 0 0 0 0 0 0 0 0 0 0
22687 NY714168 4 0 0 0 0 0 0 0 0 0 0 0 0
22688 NY687198 5 0 1 1 1 0 p p 0 0 p 0 0
22689 NY713178 4 0 0 0 0 p 0 0 0 0 0 0 0
22690 NY700177 4 0 0 1 0 0 0 p P 0 0 0 0
22691 NY695177 4 0 0 0 0 0 0 0 0 p 0 0 0
22692 NY687187 4 0 0 0 0 0 p 0 0 0 0 0 0
22693 NY685203 4 0 0 0 0 0 0 p p 0 0 p p
22694 NY677208 4 0 0 0 0 p 0 0 p 0 p 0 0
22695 NY675214 4 0 0 0 0 p 0 0 0 0 0 0 0
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Details o f type of bank reinforcement at RHS sites. CC = concrete; SP = sheet piling; 
WP = wood piling; GA = gabion; BR = brick laid stone; RR = rip-rap; BW = builders 
waste.
Appendix 6: Details of the type of bank reinforcement at RHS sites
a) Whole bank reinforcement on one bank
Site Grid
Reference
River Reinforced - 
Whole 
bank(L)
Reinforced - 
Whole 
bank(R)
Spot Check 
Acronym
Spot-Check
Acronym
Count
22801 NY822121 BELAH 0 P GA 1
22896 NY531294 EAMONT P 0 CC 1
22896 NY531294 EAMONT P 0 BW 4
22681 NY759135 EDEN P 0 BR 2
22688 NY687198 EDEN P 0 CC 1
22688 NY687198 EDEN P 0 BR 1
22688 NY687198 EDEN P 0 WP 1
22694 NY677208 EDEN 0 P CC 1
22694 NY677208 EDEN 0 P BR 1
22740 NY727205 HILTON BECK 0 P CC 1
22745 NY709193 HILTON BECK P 0 BR 1
22765 NY745210 HILTON BECK 0 P BR 1
22719 NY729076 SCANDAL BECK 0 P BR 1
22727 NY748107 SCANDAL BECK P 0 RR 1
22727 NY748107 SCANDAL BECK P 0 BR 3
22738 NY755005 SCANDAL BECK 0 P BR 2
22707 NY736028 UN-NAMED 0 P BR 2
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b) Whole bank reinforcement present on both banks
Site Grid
Reference
River Reinforced - 
Whole 
bank(L)
Reinforced - 
Whole 
bank(R)
Spot Check 
Acronym
Spot-Check
Acronym
Count
22700 NY725020 ARTLEGARTH BECK P P BR 1
22713 NY721036 ARTLEGARTH BECK P P RR 1
22894 NY511286 EAMONT P P BR 1
22894 NY511286 EAMONT P P RR 1
22894 NY511286 EAMONT P P CC 1
22894 N Y 511286 EAMONT P P RR 1
22894 NY511286 EAMONT P P CC 1
22894 NY511286 EAMONT P P BR 1
22900 NY472249 EAMONT P P BR 2
22900 NY472249 EAMONT P P BR 2
22901 NY470245 EAMONT P P BR 2
22901 NY470245 EAMONT P P BR 3
22676 NY766113 EDEN P P BR 1
22676 NY766113 EDEN P P RR
22677 NY767118 EDEN P P BR 1
22677 NY767118 EDEN P P RR
22680 NY766132 EDEN P P BR 1
22680 NY766132 EDEN P P BR 1
22693 NY685203 EDEN P P BR 1
22693 NY685203 EDEN P P CC 1
22777 NY522171 HAWESWATER BECK P P BR
22777 NY522171 HAWESWATER BECK P P BR 1
22778 NY520165 HAWESWATER BECK P P BR
22778 NY520165 HAWESWATER BECK P P BR 1
22779 NY513161 HAWESWATER BECK P P RR 1
22902 NY483197 HELDANDALE BECK P P BR 1
22783 NY491201 HELTONDALE BECK P P CC 1
22783 NY491201 HELTONDALE BECK P P BW 1
22696 NY731207 HILTON BECK P P BR 1
22696 NY731207 HILTON BECK P P BR 1
22741 NY721206 HILTON BECK P P BR 1
22741 NY721206 HILTON BECK P P BW 1
22744 NY710198 HILTON BECK P P CC
22744 NY710198 HILTON BECK P P BR 1
22744 NY710198 HILTON BECK P P CC
22744 NY710198 HILTON BECK P P BR 1
22767 NY741211 HILTON BECK P P BR 1
22767 NY741211 HILTON BECK P P BR 1
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S:
22768
22V(iN
22768
22788
22788
22830
22810
22720
22734
22734
22736
22865
22865
22701
22701
22715
22715
22715
22717
22753
22753
22753
22753
22753
22754
22755
22755
22755
22704
22704
22709
Grid
Reference
River Reinforced
Whole
bank(L)
Reinforced - 
Whole 
bank(R)
Spot Check 
Acronym
Spot-Check
Acronym
Count
NY734208 HILTON BECK
NY734208 HILTON BECK
NY734208 HILTON BECK
NY505177 HOWES BECK
NY505177 HOWES BECK
NY556122 LOWTHER
NY831149 NORTH STAINMORE
NY727071 SCANDAL BECK
NY732036 SCANDAL BECK
NY732036 SCANDAL BECK
NY747018 SCANDAL BECK
NY522136 SWINDALE BECK
NY522136 SWINDALE BECK
NY717025 TRIB OF ARTLEGARTH BECK
NY717025 TRIB OF ARTLEGARTH BECK
NY722030 TRIB OF ARTLEGARTH BECK
NY722030 TRIB OF ARTLEGARTH BECK
NY722030 TRIB OF ARTLEGARTH BECK
NY724045 TRIB OF SCANDAL BECK
NY725195 TRIBUTARY OF HILTON BECK
NY725195 TRIBUTARY OF HILTON BECK
NY725195 TRIBUTARY OF HILTON BECK
NY725195 TRIBUTARY OF HILTON BECK
NY725195 TRIBUTARY OF HILTON BECK
NY733185 TRIBUTARY OF HILTON BECK
NY730187 TRIBUTARY OF HILTON BECK
NY730187 TRIBUTARY OF HILTON BECK
NY730187 TRIBUTARY OF HILTON BECK
NY734016 UN-NAMED
NY734016 UN-NAMED
NY724034 UN-NAMED
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c) Whole bank reinforcement present or extensive on both banks
Site Grid
Reference
River Reinforced - 
Whole 
bank(L)
Reinforced - 
Whole 
bank(R)
Spot Check 
Acronym
Spot-Check
Acronym
Count
22895 NY523287 EAMONT E P RR 6
22730 NY744021 SCANDAL BECK E P BR 2
d) Whole bank reinforcement on extensive on both banks
Site Grid
Reference
River Reinforced - 
Whole 
bank(L)
Reinforced - 
Whole 
bank(R)
Spot Check 
Acronym
Spot-Check
Acronym
Count
22733 NY738029 SCANDAL BECK E E BR 2
22733 NY738029 SCANDAL BECK E E RR 1
22735 NY725039 SCANDAL BECK E E BR 1
22735 NY725039 SCANDAL BECK E E BR 1
e) Toe only reinforcement present on one bank
Site Grid
Reference
River Reinforced- 
Toe only 
(L)
Reinforced- 
Toe Only
(R)
Spot Check 
Acronym
Spot-Check
Acronym
Count
22694 NY677208 EDEN 0 p CC 1
22694 NY677208 EDEN 0 p BR 1
22688 NY687198 EDEN 0 p CC 1
22688 NY687198 EDEN 0 p BR 1
22688 NY687198 EDEN 0 p WP 1
f) Toe only reinforcement present on both banks
Site Grid
Reference
River Reinforced- 
Toe only 
(L)
Reinforced- 
Toe Only
(R)
Spot Check 
Acronym
Spot-Check
Acronym
Count
22896 NY531294 EAMONT P p CC 1
22896 NY531294 EAMONT P p BW 4
22744 NY710198 HILTON BECK P p CC 2
22744 NY710198 HILTON BECK P p BR 1
22744 NY710198 HILTON BECK P p CC 2
22744 NY710198 HILTON BECK P p BR 1
22830 NY556122 LOWTHER P p CC 1
g) Toe only reinforcement present or extensive on both banks
Site Grid
Reference
River Reinforced- 
Toe only 
(L)
Reinforced- 
Toe Only
(R)
Spot Check 
Acronym
Spot-Check
Acronym
Count
22678 NY772128 EDEN E p SP 1
22678 NY772128 EDEN E p GA 1
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h) Top only reinforcement present on both banks
Site Grid
Reference
River Reinforced- 
Top Only 
(L) '
Reinforced- 
Top Only
(R) '
Spot Check 
Acronym
Spot-Check
Acronym
Count
22693 NY685203 EDEN P P CC 1
22735 NY725039 SCANDAL BECK P p BR 1
22735 NY725039 SCANDAL BECK P p BR 1
22707 NY736028 UN-NAMED 0 p BR 2
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Appendix 7: Geomorphology summary data
Table 1. Deposition (coarse and fine sediment) grouped by stream order. Numbers in
brackets are percentages o f total deposition recorded (29093 m2)
Deposition Stability Stream Order Totalfeature 1 2 3 4 5 6 7
Partially Stable 17.0 33.5 695.0 1023.0 773.0 386.0 5.5 2933.0
(0.1) (0.1) (2.4) (3.5) (2.7) (1.3) (0) (10.1)
Stable 0.0 12.0 40.5 487.0 723.0 1416.0 35.0 2713.5
(0) (0) (0.1) (1.7) (2.5) (4.9) (0.1) (9.3)
Unstable 918.5 776.5 2338.0 1643.5 729.0 1047.0 5.5 7458.0
(3.2) (2.7) (8.0) (5.6) (2.5) (3.6) (0) (25.6)
Partially Stable 7.0 33.5 132.5 307.5 217.5 216.0 0.0 914.0
(01 (0.1) (0.5) (U ) (0.7) (0.7) (0) (3.1)
Mid-Channel Stable 205.5 122.0 152.0 175.5 908.5 1173.0 0.0 2736.5
Bar (0.7) (0.4) (0.5) (0.6) (3.1) (4.0) (0) (9.4)
Unstable 345.0 299.5 1037.5 188.5 88.0 169.0 0.0 2127.5
(1.2) (1.0) (3.6) (0.6) (0.3) (0.6) (0) (7.3)
Partially Stable 5.5 51.5 267.5 285.5 315.5 151.0 0.0 1076.5
(0) (0.2) (0.9) (1-0) (1.1) (0.5) (0) (3-7)
Pnint Rar Stable 0.0 0.0 5.5 87.5 152.0 36.5 0.0 281.5
(0) (0) (0.3) (0.5) (0.1) (0) (1)
Unstable 242.5 306.5 1552.0 202.0 125.5 682.0 0.0 3110.5
(0.8) (1.1) (5.3) (0.7) (0.4) (2.3) (0) (10.7)
Partially Stable 140.5 5.5 105.0 0.0 0.0 11.0 0.0 262.0
(0.5) (0) (0.4) (0) (0) (0) (0) (0.9)
Floodplain Stable 135.0 0.0 35.0 240.0 5.5 0.0 0.0 415.5
Deposit (0.5) (0) (0.1) (0.8) (0) (0) (0) (1.4)
Unstable 157.5 158.0 275.0 0.0 35.0 319.0 0.0 944.5
(0.5) (0.5) (0.9) (0) (0.1) (1.1) (0) (3.2)
Partially Stable 5.5 17.0 22.0 121.5 40.5 0.5 0.0 207.0
(0) (0.1) (0.1) (0.4) (0.1) (0) (0) (0.7)
Discrete Stable 81.0 11.0 0.0 0.0 0.0 0.0 0.0 92.0
Deposit (0.3) (0) (0) (0) (0) (0) (0) (0.3)
Unstable 238.0 250.0 727.5 201.0 14.0 93.5 0.0 1524.0
(0.8) (0.9) (2.5) (0.7) (0) (0.3) (0) (5.2)
Partially Stable 0.0 0.0 5.5 46.5 105.5 75.5 35.0 268.0
(0) (0) (0) (0.2) (0.4) (0.3) (0.1) (0.9)
Stable 0.0 0.0 0.0 0.0 70.0 181.0 100.0 351.0
(0) (0) (0) (0) (0.2) (0.6) (0.3) (1.2)
Unstable 0.0 16.5 133.0 22.0 269.0 109.0 35.0 584.5
(0) (0.1) (0.5) (0.1) (0.9) (0.4) (0) (2)
Partially Stable 5.5 5.5 75.5 16.5 0.0 0.0 0.0 103.0
(0) (0) (0.3) (0.1) (0) (0) (0) (0.4)
Berm Stable 0.0 0.0 100.0 86.5 70.0 0.0 0.0 256.5
Deposit (0) (0) (0.3) (0.3) (0.2) (0) (0) (0.9)
Unstable 198.5 44.5 401.5 90.0 0.0 0.0 0.0 734.5
(0.7) (0.2) (1.4) (0.3) (0) (0) (0) (2.5)
Total 2702.5 2143 8100 5224 4641 6066 216 29093
(9.3) (7.4) (27.8) (18) (16) 20.9 (0.7) (100)
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Table 2. Catchment statistics
Catchment
Name
Catchment
Area
(Km2)
Total
upstream
river
**length
___
Surveyed
length
(Km)
Number of 
geomorph 
sites 
surveyed
Number of 
RHS sites 
surveyed
Lowther & 
Eamont
390.5 596.8 51 102 64
Scandal
beck
41.9 62.2 44 88 43
Hilton Beck 27.6 35.9 34.5 69 36
Belah 64.7 124.1 47.5 95 62
Eden 341.1 561.9 20.5 41 20
Total 865.8 1380.9 197.5 395 225
* = The out flow of the catchment area is taken as the first downs stream site on the main river.** =  Calculated 
from the 1:50,000 digitised river network for the study area.
Table 3. Types and total area (54308 m2) o f erosion recorded for 402 
geomorphological sites
Type of Erosion Total area of erosion (m2) % of total
Eroding Cliff 12098.5 22.28
Bed Scour 6675 12.29
Wash 6553.5 12.07
Toe Scour 5183.5 9.54
Slump 5137 9.46
Poaching 4575 8.42
Slide 4443 8.18
Creep 4322.5 7.96
Tree Fall 2489.5 4.58
Burrowing 967.5 1.78
Below Structure 472 0.87
Freeze-Thaw 421.5 0.78
Footpaths 369.5 0.68
Bed Extraction 270 0.50
Above Structure 198 0.36
Other 85.5 0.16
Urban Activities 45.5 0.08
Fishing Posts 1 0.00
Total 54308.00 100
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Table 4. Area o f erosion (m2) for each catchment area. Erosion type is sub-divided 
into COARSE (blue) and FINE (black) sediment type.
Process Erosiontype
Catchment Area
Scandal
Beck
Lowther Hilton
Beck
Eden Belah
Natural
Slump 16.5 630.5 75.5
5.5 178.5
508.5 1019.5 238.5 752.5 1711.5
Slide 146.0 620.5
11.0 0 766.5
883.5 385.5 238.5 0 1363.5
Creep 0
178.5 110.5 0 182.0
246.5 819.0 856.5 0 1924.0
Wash 212.5 238.0
888.0 6.0 331.0
1671.5 518.0 1555.5 437.0 696.0
Freeze-
Thaw
0.5 157.0 0 0 195.5
0 0 0 0 68.5
Eroding
Cliff
374.5 1567.0 437.5 46.0 1157.0
1023.5 1768.5 720.0 1388.0 3522.0
Toe Scour 52.0 749.5 122.0 0
566.0
847.0 997.5 917.5 46.5 845.0
Bed Scour 120.5 2451.0 22.5
0 3823.5
6.0 6.0 12.5 0 27.5
Tree Fall 0 522.5 0
0 414.0
1.0 326.0 5.5 5.5 1214.5
Burrowing 0 0 6.0
0 0
2.0 582.5 20.5 7.5 349.0
Accelerated
Bed
Extraction
0 200.0 0 0 0
0 70.0 0 0 0
Poaching 23.0 167.5 0
0 0
741.5 626.5 857.0 579.5 1580.0
Footpaths 0 29.0 0 0
0
0.5 167.5 23.0 22.0 127.5
Urban
Activities
0.5 0.5 0 0 0
11.5 5.5 11.0 16.5 0
Fishing
Posts
0 0.5 0 0 0
0 0.5 0 0 0
Other 34.0 0 11.0
35.0 0
0 0 0 5.5 0
Below
Structure
5.5 233.5 0 0 81.5
0 111.0 0 0 40.5
Above
Structure
5.5 111.0 0 0 0
0 81.5 0 0 0
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